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NOVELFORMULATIONS FOR OPIOID-BASED TREATMENTS OFPAIN 
COMPRISING l-d^-DISUBSTITUTED PIPERIDINYL)-4-SUBSTrnjmD 

PIPERAZINE DERIVATIVES 



Field of the Invention 

This invention concerns novel formulations foropioid-based treatments of pain 
and/or nociception comprising opioid analgesics and l-(l,2-disubstituted piperidinyl)- 
4-substituted piperazme derivatives having tachykinin antagonistic activity, in 

10 particular NK, antagonistic activity and the use of NK^-receptor antagonists for the 
manufacture of a medicament for the prevention and/or treatment of emesis and 
respiratory depression in opioid-based treatments of pain as well as the use of an NK - 
receptor antagonist according to the invention and an opioid analgesic for (he 
manufacture of a medicament for the prevention and/or treatment of chronic 

15 neuropathic pain. 

Background of The Invention 

Opioid analgesics are the cornerstone of pain treatment, especially in the segment 
of moderate to severe acute and chronic pain. However, side-effects such as 
20 nausea/vomiting, constipation, respiratory depression and tolerance limit their use. The 
lowering of the high incidence of nausea and vomiting with many clinically used 
opioids is particularly considered as a major unmet medical need. 

Tachykinins belong to a family of short peptides that are widely distributed m the 
mammalian central and peripheral nervous system (Bertrand and Geppetti, Trends 
Pharmacol ScL 17:255-259 (1996) ; Lundberg, Can. J. Physiol Pharmacol 73:908- 
914 (1995) ; Maggi, Gen. Pharmacol 26:91 1-944 (1995) ; Regoli et aU Pharmacol 
Rev, 46 (1994)). They share the common C-tenninal sequence Phe-Xaa-Oly-Leu-Met- 
NH 2 . Tachykinins released from peripheral sensory nerve endings are believed to be 
involved in neurogenic inflammation, hx the spinal cord/central nervous system, 
tachykinins may play a role in pain transmission/perception and in some autonomic 
reflexes and behaviours. The three major tachykinins are Substance P (SP), Neurokinin 
A (NK A ) and Neurokinin B (NK B ) with preferential affinity for three distinct receptor 
subtypes, termed NK,, NK 2 , and NK 3 . respectively. However, functional studies on 
cloned receptors suggest strong functional cross-interaction between the 3 tachykinins 
and their corresponding receptors (Maggi and Schwartz, Trends Pharmacol Set 18: 
351-355 (1997)). Species differences in structure of NK, receptors are responsible for 
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species-related potency differences of NK, antagonists (Maggi, Gen. Pharmacol 
26:911-944 (1995) ; Regoli et at., Pharmacol Rev, 4*<4):551-599 (1994)). The human 
NK, receptor closely resembles the NK, receptor of guinea-pigs and gerbils but differs 
markedly from the NK, receptor of rodents. The development of tachykinin antagonists 
5 has led to date to a series of peptide compounds of which might be anticipated that they 
are metabolically too labile to be employed as pharmaceutically active substances 
(Longmore J.etaL, DN&P 8(l):5-23 (109S)). NK, -antagonists have been studied for 
a wide variety of indications including emesis, (stress-related) anxiety states, 
inflammatory responses, smooth muscle contraction and pain perception. NK,- 
10 antagonists are in development for indications such as emesis, anxiety and depression, 
irritable bowel syndrome (IBS), circadian rhythm disturbances, visceral pain, 
neurogenic inflammation, asthma, micturition disorders, and nociception. 

It has now been found that a particular class of compounds with predominantly 
NK.-activity reduces to a large extent a number of unwanted side-effects associated 
with opioid analgesics, thereby increasing the total tolerability of said opioids in pain 
treatment, in particular in chronic neuropathic pain treatment. More specifically, 
respiratory depression and emesis is reduced in opioid-based treatments of pain. Also, 
due to the intrinsic antinociceptive activity of NK,-antagonists, even some increase in * 
opioid efficacy is noted, thereby creating the option to reduce the opioid dose without 
effecting its analgesic action. 

Background p rior art 

l-(l,2-disubstituted piperidinylM-substituted piperazine derivatives were 
2S disclosed in WO 97/16440-A1, published May 9, 1997by Janssen Pharmaceutica N.V. 
for use as substance P antagonists. 

Formulations containing NKi -antagonists and opioid analgesics for the 
prevention and/or treatment of pain and/or nociception are disclosed in WO 96/20009 

30 (Merck,July4,1996)andW097/25988(EliDlly,July24 1 1997). Thereisno 
mentioning of the reduction of side-effects apart from emesis. 



20 
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Description of the Invention 

The present invention relates to a pharmaceutical composition comprising a 
pharmaeeutically acceptable carrier and, as active ingredients, a therapeutically 
effective amount of an opioid analgesic and a compound according to Formula (I) 

5 

R 1 

Q /- HCHa) ra > — 
>-N » V-N V-L (0 

R Z — X ^-(CHdn ^— (CHa)p 

the pharmaceutically acceptable acid or base addition salts thereof, the stereochemically 
isomeric forms thereof, the JV-oxide form thereof and the prodrugs thereof, wherein 
10 n is 0, 1 or 2; 

m is lor 2, provided that if mis 2, then nisi; 

p is lor 2; 

-Q is =0 or =NR 3 ; 

X is a covalent bond or a bivalent radical of formula -O-, -S-, -NR 3 -; 
15 R» isArUArlCi*alkyIcirm(Arl)Ci^a^ 

optionally substituted with hydroxy, C M all^loxy, oxo or a ketalized oxo 
substituent of formula -O-CH2-CH2-O- or -O-CH2-CH2-CH2-O-; 
R 2 is At 2 . Ar^i-fialkyl, Het* or Het»Ci. <5 alkyl; 
R 3 is hydrogen or Ci-galkyU 
20 L is hydrogen; Ar 3 ; Ci-tsalkyi; Chalky] substituted with 1 or 2 substituents 
selected from hydroxy, Cwjalkyloxy, Ar 3 , Ai^Ci.galkyloxy and Het 2 ; 
C3.salkenyl; Ar 3 C3.«alkenyl; diCAr^Q^alkenyl or a radical of formula 
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(a-I); 
(a-2); 

(a-3); 
<ft-4): or 
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(a-5); 



wherein each q independently is 2, 3 or 4; 
eachr is 0, 1.2, 3 or 4: 

each Y* independently is acovalentbond, -O- orNR 3 ; 

is a covalent bond, C M alkanediyl or -C w a)kylNR 3 -; 
each -A=B- independently is a bivalent radical of fonnula -CH=CH-, -N=CH- 

or -CH?=N-; 

each R^independentiy is hydrogen, Ci-galkyl, Ar 2 or Ai^C^alkyl; 
R 5 is hydrogen, C^alkyl or Ar3; 

is d^alkyl, Ar3, Ar3Cj.fialfcyl, di(Ar3)C,. 6 alkyl, ArSC^cIcjalkyl, 
orindolyl; 

is Ai3; Ar3C^alkyl; diCA^Cjufiafcyl; C,. 6 alkyl; C^cycloalkyl; 
C 3 .7cycloalkyl substituted with Ash oxazoly); oxazolyl substituted 
with halo or Chalky]; thiazolyl; thiazolyl substituted with halo or 
Ci.6ftlkyl; imidazolyl; imidazolyl substituted with Ar* Ci^alkyj, 
Ar3Ci^alkyl or halo; indolinyl; indolinyl substituted with C M alkyl; 
2,3,4-trihydroquinolinyl; pyrrolidinyl or furanyl; 
each R8 independendy is hydrogen, Crafty), C^cycloalkyl or a radical of 
fonnula 

-Allc-R" (b _ 1)or 
-Alk-Z-Rl2 (b-2); 



R6 



R7 
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wherein Alk is Ci.galkanediyi; 

2 is a bivalent radical of fonnula -O-, -S- or -NR3-; 
R n is phenyl; phenyl substituted with 1 or 2 substituents selected 
from halo, Ci. 6 alkyl or Ci. 6 alkyloxy; ftjranyl; furanyl substituted 
5 with 1 or 2 substituents selected from Ci^alkyl or hydroxyCi. 

6alkyl; thienyl; thienyl substituted with 1 or 2 substituents 
selected from haloorCi_ 6 aNcyl; oxazolyl; oxazolyl substituted 
with 1 or 2 Ci_6alkyl substituents; thiazolyl; thiazolyl substituted 
with I or 2 C^alkyl substituents; pyridinyl or pyridinyl 
10 substituted with i or 2 Cnsalkyl substituents; 

R 12 is C^alkyl or Chalky! substituted with hydroxy, carboxyl or 
Ci_6alkyloxycarbonyl; 
Arl is phenyl; phenyl substituted with i, 2 or 3 substituents each independently 
selected from halo, Ci^alkyl, haloC M alkyi, cyano, aminocarbonyl, 
15 Cwalkyloxy or haloCMalkyloxy, 

Ml fa napbtalenyl; phenyl; phenyl substituted with 1, 2 or 3 substituents each 
independently selected from hydroxy, halo, cyano, nitro, amino, mono- or 
di(C w alkyl)araino, C^alkyl, baloC,^alkyl, C^alkyloxy, haloC,^alkyloxy. 
carboxyl, Ci^alkyloxycarbonyl, aminocarbonyl and mono- or 
20 di(Ci^alkyl)aminocarbonyl; 

Ar* isphenylorphenylsubstitutedwith 1,2 or 3 substituents selected from halo, 
hydroxy, ammo, nitro, aminocarbonyl, Ci. 6 alkyl, haloCi^alkyl orCi^alkyl- 
oxy; 

Hetl is a monocyclic heterocycle selected from pynolyl, pyrazolyi, imidazolyl. 

25 furanyl, thienyl, oxazolyl, isoxazoiyl, thiazolyl, isothiazolyl, pyridinyl, 

pyrimidinyl, pyrazinyl and pvridazmyl; or a bicyclic heterocycle selected from 
quinolinyl, qumoxalinyl, indolyl, benzimidazolyl, benzoxazolyl, 
benzisoxazolyl, benzothiazolyl, benzisothiazolyl, benzofuranyl and 
benzothienyl; each monocyclic and bicyclic heterocycle may optionally be 

30 substituted on a carbon atom by 1 or 2 substituents selected from halo, 

Ci_4alkyl or mono-, di- or tri(halo)methyl; and 

Het2 isaheterocycleselectedfrom l,4-dihydro-5-oxo-tetrazoM-yl, imidazo[J,2-a]- 
pyridinyl, oxazolyl or imidazolyl; each of said heterocycles may be substituted 
with 1 or where possible 2 substituents selected from Ci_4alkyl and Ar* 



35 



The heterocycles in the definition of Het* are preferably connected to the rest of 
the molecule, U. X, -C(*Q)- or Ci-ealkyl, by a carbon atom. 
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More in particular, the invention relates to a pharmaceutical composition 
comprising a pharmaceutical^ acceptable catrier and, as active ingredients, an opioid 
analgesic and a therapeutically effective amount of a compound according to Formula 
0), the pharmaceutical^ acceptable acid or base addition salts thereof the 
stereochemicaUy isomeric forms thereof, the iV-oxide form thereof and a prodrug 
thereof, wherein : 

L is hydregen; Chalky!; C^alkyl substituted with hydroxy; Ca^aikenyl- Ar* 
Ar^fialkyl; diCAr^alkyl; Ar^galkenyl; ^Ar^aalkenyl; or a radical of 
formula (a-1), (a-2), (a-4) or (a-5) wherein : 

R7 is Ar3; ArSC^alkyl; diCA^.salkyl; C^lkyl; C^Tcycloalkyl; 

C^ycloalkyl substituted with Ar3; oxazolyl; oxazolyl substituted with halo or 
Ci-fialkyl; thiazolyl; thiazolyl substituted with halo or C^alkyl; imidaaolyl- 
imidazolyl substituted with Ar3 c^alkyl, Ar^alkyl or halo; pyrrelidinyl or 
ftiranyl; 

15 Ar3 is is phenyl or phenyl substituted with 1, 2 or 3 substitute selected from halo. 

hydroxy, ammo, aminocarbonyl, Ci^alkyl, haloC^-galkyl or C^alkylaxy- 
Hetl is a monocyckc heterocycle selected ftom pynolyl, pymzolyl. imidazolyl, ' 
furanyl, thienyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyridinyl 
pynmidinyl, pyrazinyl and pyridazinyl; or a bicyclic heterocycle selected ftom 
quinobnyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzothiazolyl 
benzisothiazolyl, benzofuranyl and benzothienyl; each monocyclic and bicyclic 
heterocycle may optionally be substituted on acarbon atom by 1 or 2 
substituents selected ftom halo, C^alkyl or mono-, di- ortri(halo)meth y ]. 

More in particular, the invention relates to a pharmaceutical composition 
comprising a pharmaceutical^ acceptable carrier and, as active ingredients, an opioid 
analgesic and a therapeutically effective amount of a compound according to Formula 
0), the pharmaceutical^ acceptable acid or base addition salts thereof the 
stereochemical^ isometjc f orms mensof> ^ fm thefB£>f ^ % 

thereof, wherein R* is ArWthyl and attached to the 2-position or R 1 is Ar 1 and attached 
to the 3-position, as exemplified in either of the following formulas for compounds 
according to Formula (D wherein m and n are equal to 1 and Ar is an unsubstituted 
phenyl. Preferably, Ar'methyl is an unsubstituted benzyl radical. 
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More in particular, the pharmaceutical composition comprises a compound 
according to the general Formula CO, the pharmaceutical^ acceptable acid or base 
addition salts thereof, the stereochemical^ isomeric forms thereof, the JV-oxide form 
thereof and a prodrug thereof, wherein the R 2 -X-C(=Q). mo iety is 3,5-di- 
(trifluoromethy]) phenylcarbonyl. 

More in particular, the pharmaceutical composition comprises a compound 
according to the general Formula CD, the pharmaceutical^ acceptable acid or base 
addition salts thereof, ihe stereochemical^ isomeric forms thereof, the tf-oxide form 
thereof and a prodrug thereof, wherein Rl is Ar*C wsattyl, R 2 is phenyl substituted with 
2 substituents selected from methyl and trifluoromethyl, X is a covalent bond and =Q is 

More in particular, the pharmaceutical composition comprises a compound 
according to the general Formula CO. the pharmaceutical^ acceptable acid or base 
addition salts thereof, the stereochemical^ isomeric forms thereof, the tf-oxide form 
thereof and a prodrug thereof, wherein n and m are 1 and p is 1 or 2. 

More in particular, the pharmaceutical composition comprises a compound 
according to the general Formula (1). the phatmaceutically acceptable acid or base 
addition salts thereof, the stereochemical^ isomeric forms thereof, the JV-oxide form 
thereof and a prodrug thereof, wherein R* is phenylmethyl; R2 is phenyl substituted 
with 2 substituents selected from methyl or trifluoromethyl; n, m and p are 1 ; X is a 
covalent bond; and =Q is =0. 

More in particular, the pharmaceutical composition comprises a compound 
according to the general Foimula (I), the pharmaceutical^ acceptable acid or base 
addition salts thereof, the stereochemical^ isomeric forms thereof, the JV-oxide form 
thereof and a prodrug thereof, wherein L is a radical of formula (a-2) wherein R 4 is 
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hydrogen or phenyl; r is 0 or 1; Y* is a covalent bond, -O- or -NH-; R? i$ pyrrolidinyl; 
furanyl; 1-phenylcyclohexanyl; diphenylmethyl; or phenyl substituted with 1. 2 or 3 
substituents each independently selected from methyl, methoxy orchloio. 

5 Mote in particular, the pharmaceutical composition comprises a compound 

selected from the group of : 

441-[3.5-bis(trifluoiomfithy^ 
dimethylphenyD-l-piperazine acetamide; 
4-ri-t33-Dis(trifluoromei^^^ 

10 phenylcyclohexyl)-l-pipera2ine acetamide; 
M3.54>is(triflucTOmethyl)beiKo^ 

pynroHmnylcartmyl)beiizylH-piperazinyl]pjperidine; 
H3,5-bis(tiffiuoromethyl)benzoyl^ 

benzimidazol-2-yl>l-pi P eminyl]-2Kphcwylmethyl)piperi^^^ 
W ^[H33-bis(triflucromewyl)b^ 

piperidinyl]-iSr-(2,frdiinethylphenyl>l^iperazin^ acetamide; and 
4-[l-P,5-bis<triauoramethy» 

piperidinyl^.(2,6-dime%lphenyl^l-piperazine acetamide. 

20 Moat in particular, the pharmaceutical composition comprises a compound 

selected from the group of : 

(+)^>mOT^[I-[3,S-bis<mfluoro^ 

piperidinyl)-WK2.6-dimethyIphenyl)-l-pipem2ine acetamide; 
(0H£)^^[l-p,5-bis(trifluorome^ 

25 ^-(2,c^methylphenylH'pipeia2inea(»tainide;and 
(+)^V«*nf^[l-[3,S-bis(triflu 

piperimnyl ^^.e-dimetbylphenyl^l-piperazjne acetamide, (L)-malic acid (1:1). 

In the fiamework of this application, halo is generic to fluoro, chloro, bramo and 
30 iodo; C 2 ^alkyl defines straight and branched chain saturated hydrocarbon radicals 
having from 2 to 4 carbon atoms such as, for example, ethyl, propyl, butyl, 
1-methylethyl, 2-methy]propyl and the like; Ci. 4 alkyl is meant to include C 2 -ialkyl and 
methyl; Ci_ s alkyl is meant to include C^alkyl and the higher homologues thereof 
having 5 carbon atoms such as, for example, pentyl, 2-methylbutyl and the like; Q, 
35 6 alkyl is meant to include Ci.salkyI and the higher homologues thereof having 6 carbon 
atoms such as, for example, hexyl, 2-methylpeatyl and the like; Ci^alkanediyJ defines 
bivalent straight and branched chain saturated hydrocarbon radicals having from 1 to 4 
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carbon atoms such as, for example, methylene, 1,2-ethanediyJ, 1,3-propanediyl 1 4- 
butanediyi, and the like; Q.galkanediyl is meant to include C M allcanediyl andtiie 
higher homologues thereof having form 5 to 6 carbon atoms such as, for example 
1,5-pentanediyl, 1,6-hexanediyI and die like; Ca-ealkenyl defines straight and branched 
chain hydrocarbon radicals containing one double bond and having from 3 to 6 carbon 
atoms such as. for example. 2-propenyl, 3-butenyI, 2-butenyl, 2-pentenyl, 3-pentenyl, 
3-memyl-2-butenyl, 3-hexenyl and the like; and the carbon of said C 3 . 6 alkenyl 
connected to the nitrogen atom of the piperazine or homopiperazine preferably is 
saturated. 

As used in the foregoing definitions and hereinafter, haloCi^alkyl is defined as 
mono- or polyhalosubstituted dutalkyl. in particular d^alkyl substituted with 1 to 6 
halogen atoms, more in particular difluoro- or trifluoromethyj. 

The pharmaceutically acceptable salts am defined to comprise the therapeutically 
active non-toxic acid addition salts forms that the compounds according to Formula (JO 
- areablctofoim. Said salts can be obtained by treating the base form of the compounds 
according to Formula (I) with appropriate acids, for example inorganic acids for 
example hydrohalic acid, in particular hydrochloric acid, hydrohromic acid, sulfuric 
acid, nitnc acid and phosphoric acid ; organic acids, for example acetic acid, 
hydroxyacetic acid, propanoic acid, lactic acid, pyruvic acid, oxalic acid, malonic acid 
succinic acid, maleic acid, fumaric acid, malic acid, tartaric acid, citric acid, 
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, p~toluenesulfonic 
acid, cyclamic acid, salicylic acid, p-aminosaUcylic acid and pamoic acid. 

The compounds according to Formula 00 containing acidic protons may also be 
converted into their therapeutically active non-toxic metal or amine addition salts forms 
by treatment with appropriate organic and inorganic bases. Appropriate base salts 
forms comprise, for example, the ammonium salts, the alkaline and earth alkaline metal 
salts, in particular Mthium, sodium, potassium, magnesium and calcium salts, salts with 
organic bases, e.g. the benzathine, AT-methyl-D-glucamine, hybramine salts, and salts 
with atnino acids, for example arginine and lysine. 

Conversely, said salt fonns can be converted into the free forms by treatment 
35 with an appropriate base or acid 
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The term addition salt as used in the framework of this application also 



comprises 
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the solvates that the compounds according to Formula (D as well as the salts thereof 
ate able to form. Such solvates are, for example, hydrates and alcoholates. 

The tf-oxide forma of the compounds according to Formula (I) ate meant to 
5 comprise those compounds according to Formula <D wherein one or several nitrogen 
atoms are oxidized to the so-called #-oxide, particularly those W-oxides wherein one or 
more ternary nitrogens (eg of the piperazinyl or piperidinyl radical) are JV-oxidized. 
Such JV-oxides can easily be obtained by a skilled person without any inventive skills 
and they are obvious alternatives for the compounds according to Fonnula (D since 

10 these compounds are metabolites, which are formed by oxidation in the human body 
upon uptake . As is generally known, oxidation is normally the first step involved in 
drug metabolism ( Textbook of Organic Medicinal and Pharmaceutical Chemistry, 
1977, pages 70- 75). As is also generally known, the metabolite form of a compound 
can also be administered to a human instead of the compound per se, with much the 

15 same effects. 

The compounds according to Formula (I) possess at least 2 oxydizable nitrogens 
(terhary ammes moieties). It is therefore highly likely that tf-oxides are to form in the 
human metabolism. 
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ThecompoundsaccordingtoFormula(I)may be converted to the corresponding 
*oxrde forms following art-known procedures for converting a trivalent nitrogen into 
M tf-oxide form. Said JV-oxidation reaction may generally be carried out by reacting 
the starting material according to Formula (1) with an appropriate organic or inorganic 
perox,de. Appropriate inorganic peroxides comprise, for example, hydrogen peroxide 
alkah metal or earth alkaline metal peroxides, e.g. sodium ^xide, pota^ siuT 
peroxjde; appropriate organic peroxides may comprise peroxy acids such as for 
example, benzenecarboperoxoic acid or halo substituted benzenecarboperoxoic acid 
B t ^ Iorobenzenecaibo P^^ acid, peroxoalkanoic acids, e.g. peroxoacetic acid 
alkylhydroperoxides. e.g. r^-butyl hydroperoxide. Suitable solvents are, for example 
water, lower alkanols, e.g. ethanol and the like, hydrocarbons, e.g. toluene, ketones, e.g. 
2-butanone, halogenated hydrocarbons, e.g. dicMoromethane, and mixtures of such 
solvents. 

The term ''stereochemical* isomeric forms" as used hereinbefore defines all the 
possible isomeric forms that the compounds according to Formula (0 may possess 
Unless otherwise mentioned or indicated, the chemical designation of compounds 
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denotes the mixture of all possible stereochemical^ isomeric forma, said mixtures 
containing all diastereomers and enantioraers of the basic molecular structure. More in 
particular, stereogenic centers may have the R- or S~configuration; substituents on 
bivalent cyclic (partially) saturated radicals may have either the cis- or trans- 
5 configuration. Compounds encompassing double bonds can have an E or Z- 
stereochemistry at said double bond. Stereochemical^ isomeric forms of the 
compounds according to Formula (D are obviously intended to be embraced within the 
scope of this invention. 

10 Following CAS nomenclature conventions, when two stereogenic centers of 

tawwo absolute configuration are present in a molecule, antforS descriptor is assigned 
(based on Cata-regold-Prelog sequence rule) to the lowest-numbered chiral center, the 
reference center. The configuration of the second stereogenic center is indicated using 
relative descriptors [R*R* J or where R* is always specified as the reference 

15 center and IR*R*] indicates centers with the same chirahty and [R* S*] indicates 
centers of unlike chirality. For example, if the lowest-numbered chiral center in the 
molecule has an S configuration and the second center is R, the stereo descriptor would 
be specified as If V and -pr are used : the position of the highest priority 

substituent on the asymmetric carbon atom in the ring system having the lowest ring 
20 number, is arbitrarily always in the "<x» position of the mean plane determined by the 
ring system. The position of the highest priority substituent on the other asymmetric 
carbon atom in the ring system (hydrogen atom in compounds according to Formula 
(D) relative to the position of the highest priority substituent on the reference atom is 
denominated "a", if it is on the same side of the mean plane determined by the ring 
system, or "§r , if it is on the other side of the mean plane determined by the ring 
system. 



30 



Compounds according to Formula (Q and some of the intermediate compounds 
have at least two stereogenic centers in their structure. 



The invention atso comprises pharmaceutical compositions according to the 
invention comprising derivative compounds (usually called "pro-drugs") of the 
pharmacologically-active compounds according to the invention, which are degraded in 
vivo to yield the compounds according to the invention. Pro-dregs are usually (but not 
35 always) of lower potency at the target receptor than the compounds to which they are 
degraded. Pro-drugs are particularly useful when the desired compound has chemical 
or physical properties that make its administration difficult or inefficient. For example, 
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20 
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the desired compound may be only poorly soluble, it may be poorly transported across 
the mucosal epithelium, or it may have an undesirably short plasma half-bfe. Further 
discussion on pro-drugs may be found in Stella, V. J. et ai, "Prodrugs", Drug Delivery 
Systems, 1985, pp. 112-176, and Drugs, 1985, 29, pp. 455-473. 

Pro-drugs forms of the pharmacologically-active compounds according to the 
invention will generally be compounds according to Formula 0), (he pharmaceutically 
acceptable acid or base addition salts thereof, the stereochemical^ isomeric forms 
thereof and the JV-oxide form thereof, having an acid group which is esterified or 
amidated. Included in such esterified acid groups are groups of the formula -COOR". 
where R* is a C,^alkyl, phenyl, benzyl or one of the following groups : 



Amidated groups include groups of the formula - CONR"R\ wherein R> is H, C .alfcyl 
phenyl orbenzyj andRMs-OH. H. Cjdkyl, phenyl or benzyl. Compounds according 
to the invention having an amino group may be derivatised with a ketone or an 
aldehyde such as formaldehyde to form a Mannich base. This base will hydrolyze with 



The compounds according to Formula (I) as prepared in the processes described 
below may be synthesized in the form of raceroic mixtures of enantiomers that can be 
separated from one another following art-known resolution procedures. The racemic 
compounds according to Formula (D may be converted into the corresponding 
diastereomeric salt forms by reaction with a suitable chiral acid. Said diasteieomeric 
salt forms are subsequently separated, for example, by selective or fractional 
crystallization and the enantiomers are liberated therefrom by alkali. An alternative 
manner of separating the enantiomeric forms of the compounds according to Formula 
CO involves liquid chromatography using a chiral stationary phase. Said pure 
stereochemicaUy isomeric forms may also be derived from the corresponding pure 
stereochemicaUy isomeric forms of the appropriate starting materials, provided that the 
reaction occurs stereospecifically. Preferably if a specific stereoisomer is desired, said 
compound would be synthesized by stereospecific methods of preparation. These 
methods will advantageously employ enantiomerically pure starting materials. 
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Suitable opioid analgesics of use in the present invention include alfentanil, 
bupienotphine, butorphanol, codeine, diacetylmoiphine, dihydrocodeine, fentanyl, 
hydrocodone, hydromorpbone, levorphanol, meperidine, methadone, morphine, 
nalbuphine, oxycodone, oxymorphone, pentazocine, propoxyphene and sufentanyl; or a 
pharmaceutical acceptable salt thereof. 

Because of their widespread use as analgesics and because they represent two 
completely different chemical classes of agents with different physicochenrical and 
pharmacodynamic properties, preferred opioid analgesics of use in the present 
invention are morphine and fentanyl ; or pharmaceutical acceptable salts thereof. 

Suitable pharmaceutical^ acceptable salts of the opioid analgesics of use in the 
present invention include those salts described above j n relation to the salts of the NK - 
IS antagonist. 1 

Preferred salts of opioid analgesics of use in the present invention include 
alfentanyl hydrochloride, buprenorphine hydrochloride, butorphanol tartrate, codeine 
phosphate, codeine sulphate, diacetylmorphine hydrochloride, dihydrocodeine 

20 bitanrate, fentanyl citrate, hydrocodone bitartrate. hydromorpbone hydrochloride, 
levorpbanol tartrate, meperidine hydrochloride, methadone hydrochloride, morphine 
sulphate, morphine hydochloride, morphine tartrate, nalbuphine hydrochloride, 
oxymorphone hydrochloride, pentazocine hydrochloride, propoxyphene hydrochloride 

^ and propoxyphene napsylate (2-naphthalene sulphonic acid (1:1) monohydrate). 

Particular preferred opioid analgesics of use in the present invention are morphine 
sulphate and fentanyl citrate 

Pharmacology 

The compounds according to Formula 0) are potent inhibitors of neurokinin- 
mediaied effects, in particular those mediated via the NKi receptor, and may therefore 
be described as tachykinin antagonists, especially as substance P antagonists, as 
indicated in vitro by the antagonism of substance P-induced relaxation of pig coronary 
arteries which is described hereinafter. The binding affinity of the present compounds 
35 for the human, guinea-pig and gerbil neurokinin receptors may be determined in vitro 
in a receptor binding test using 3H-substance-P as radioligand. The subject compounds 
also show substance-P antagonistic activity in vivo as may be evidenced by. for 
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instance, the antagonism of substance P-induced plasma extravasation in guinea-pigs 
or the antagonism of drug-induced emesis in ferrets (Watson et aL t Br. J. Pharmacol ' 
115:84-94(1995)). 

The combination of an opioid analgesic with an NK, antagonist results in 
imptoved efficacy. Additional to the gain in efficacy, this combination also reduces 
several of the side-effects currently present with clinically used opioids. NK, receptor 
antagonists potentiating the analgesic activity of opioids require lower doses, resulting 
in a reduced risk of opioid side-effects. 



10 



The compounds according to Formula (I) have shown to reduce unwanted side- 
effects induced by opioids. Such reduction can be tested by in vivo testing using 
several species (e.g. ferrets, gerbils, rats, guinea pigs) and several pain models, 
covering different states of acute and chronic pain. For instance, the compounds of the 
IS present invention : 

• were able to inhibit the opioid-induced emesis in several species; 

• did not affect the antinociceptive properties of opioids in models of acute, visceral 
and high intensity pain; 

• had an additive effect on the antinociceptive imyperties of opioids in models of 
20 inflammatory and chronic neuropathic pain; 

• reduced the respiratory depression induced by opioids in several species; 

• were able to overcome the tolerance observed with opioids daily administered in a 
model of chronic neuropathic pain; 

• did not interfere with the discriminative central narcotic effects of opioids; 

25 • had no effect on the pharmacokinetics of opioids when administered concomitantly. 
This excludes pharmacokinetic interactions as the origin of the pharmacological 
effects observed. 
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The present invention therefor also relates to the use of an NK,-receptor 
antagonist, in particular an NK,-receptor antagonist according to Formula (I), for the 
manufacture of a medicament for the prevention and/or treatment of respiratory 
depression in opioid-based treatments of pain. 

The present invention further relates to the use of a pharmaceutical composition 
for the manufacture of a medicament for the prevention and/or treatment of pain and/or 
nociception. 
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The present invention further relates to the use of a pharmaceutical composition 
for the manufacture of a medicament for the prevention and/or treatment of chronic 
neuropathic pain. 

5 

The present invention further relates to the use of a pharmaceutical composition 
for the manufacture of a medicament for the prevention and/or treatment of emesis in 
opioid-based treatments of pain. 

10 To prepare the pharmaceutical compositions of this invention, an effective 

. | amount of the active ingredient, optionally in addition salt form, is combined in 

ultimate admixture with a pharmaceutically acceptable carrier, which carrier may take a 
wide variety of forms depending on the form of preparation desired for administration 
The pharmaceutical compositions am desirable in unitary dosage form suitable in 
15 particular, for administration orally, rectally. percutaneously. by parenteral injection or 
by inhalation. For example, in preparing the compositions in oral dosage form, any of 
the usualpharmaceutical mediamay be employed such as. for example, water, glycols, 
oris, alcohols and the like in the case of oral liquid preparations such as suspensions, 
syrups, elixirs, emulsions and solutions; or solid carriers such as starches, sugars 
20 kaolin, diluents, lubricants, binders, disintegrating agents and the like in the case of 
powders, pills, capsules and tablets. Because of their ease in administration, tablets and 
capsules represent the most advantageous oral dosage unit forms in which case solid 
pharmaceutical carriers are obviously employed. For parenteral compositions, the 
earner will usually comprise sterile water, at least in large part, though other 
25 i«gredients,forexample,toaidsolubmty.maybemcluded. Injectable solutions for 
example, may be prepared in which the carrier comprises saline solution, glucose 
solution or a mixture of saline and glucose solution. Injectable suspensions may also 
be prepared in which case appropriate liquid carriers, suspending agents and the like 
may be employed. Also included are solid form preparations that are intended to be 
30 converted, shortly before use, to liquid form preparations. In the composition suitable 
for percutaneous administration, the carrier optionally comprises a penetration 
enhancing agent and/or a suitable wetting agent, optionally combined with suitable - 
additives of any nature in minor proportions, which additives do not introduce a 
significant deleterious effect on the skin. Said additives may facilitate the 
35 administration to the skin and/or may be helpful for preparing the desired compositions 
These compositions may be administered in various ways, e.g., as a transdermal patch, 
as a spot-on, as an ointment. 
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It is especially advantageous to formulate the aforementioned pharmaceutical 
compositions in unit dosage form for ease of administration and uniformity of dosage 
Unit dosage form as used herein refers to physically discrete units suitable as unitary 
dosages, each unit containing a predetermined quantity of active ingredient calculated 
to produce the desired therapeutic effect in association with the required pharmaceutical 
earner Examples of such unit dosage forms are tablets Gncloding scored or coated 
tablets), capsules, pills, powder packets, wafers, suppositories, injectable solutions or 
suspensions and the like, and segregated multiples thereof. 

The Nonreceptor antagonist and the opioid analgesic may be formulated in a 
single pharmaceutical composition or alternatively in individual pharmaceutical 
compositions for simultaneous, separate or sequential use in accordance with the 
present invention. The pharmaceutical composition may also be a product comprising 
the NK.-receptor antagonist and the opioid analgesic as separate unit dosages. 

When adininistered in combination, either as a single or as separate 
pharmaceutical composition^), the NK.-receptor antagonist and the opioid analgesic 
are presented in a ratio which is consistent with the manifestation of the desired effect 
In particular, the ratio by weight of the ^-antagonist to the opioid analgesic will 
suitably be approximately 1 to 1. Preferably, thfc rat* will be between 0.001 to 1 and 
1000 to 1, and especially between 0.01 to 1 and 100 to 1. 

A suitable dosage level for the NK.-receptor antagonist is about 0.001 to 25 
mg/kg perday, P referably about 0.005 to lOmg/kg per day, and espedaUy about 0.005 
to 5 mg/kg day. The compounds may be adininistered on a regimen of up to 6 times 
per day, preferably I to 4 times per day. 

The opioid analgesic may be administered at a dosage level up to conventional 
dosage levels for such analgesics, but preferably at a reduced level in accordance with 
the present invention. Suitable dosage levels will depend upon the analgesic effect of 
the chosen opioid analgesic, but typically suitable levels will be about 0.001 to 25 
nig/kgper day, preferably 0.005 to 10 mg/kg per day, and especially 0.005 to 5 mg/kg 

day ^compoundmaybeadministeredonamgimenofuptodtirnes 
35 preferably I to 4 times per day. y 

tt will be appreciated that the amount of an Nonreceptor antagonist and an opioid 
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analgesic required for use in the prevention and/or treatment of pain and nociception 
will vary not only with the particular compounds or compositions selected but also with 
the route of administration, the nature of the condition being treated, and the age and 
condition of the human in need of such a treatment, and will ultimately be at the 
5 discretion of the attendant physician. 



Chemistry 

The compounds according to the invention can generally be prepared by a 
succession of steps, each of which is known to the skilled person 

10 

The preparation of these compounds and their intermediates is also described in 
WO 97/16440-A1, published May 9, 1997 by Janssen Pharmaceutics N.V, which is 
disclosed herein by reference as well as in other publications mentioned in WO 
97/16440-A1, such as , e.g. EP-0,532,456-A. 

15 

The following examples are intended to illustrate and not to limit the scope of the 
' present invention. 



Experimental Pan; 

Hereinafter "RT" means room temperature, "THF" means tetrahydrofuran, "DIPE" 
means diisopropylether, "DCM" means dichloromethane and "DMF" means JVJV- 
dimethylformamide. 



A. Preparation of the intermediat e comp ounds 
25 Example A.1 

a) A mixture of <±M,l-«methyl 7Kphenylmemyl)-l,4^oxa.8-a2aspiro[4^]decane-8- 
carboxylate (13 g; prepared according to the method described in EP-A-532,456) in 
HC1 (6N; 130 ml) was stirred and refluxed for 3 hours. The reaction mixture was 
cooled, alkalized with aqueous NaOH (SO %) and extracted with DCM. The organic 

30 layer was separated, dried, filtered, and the filtrate, which contained (±)-2- 

(phenylmethyl)-4-piperidinone (intermediate 1), was used in next reaction step. 

b) A mixture of the filtrate obtained in the previous reaction step, 3,5-dimetbylbenzoyl 
chloride (7.4 g) and triethylamine (11 ml) was stirred overnight at RT. The reaction 
mixture was extracted with dilute NaOH solution. The organic layer was separated, 

35 dried, filtered and the solvent evaporated. The residue was crystallized from DIPE. 
The precipitate was filtered off and dried, yielding 7.44 g (58%) of (±>l-(3,5-dimethyl- 
benzoyl)-2-(phenylmethy])^-piperldinone (intermediate 2; mp. 107.8*C). 



022 10.06.2003 19:10:22 



-18- 



Exanrote A.2 

a) A mixture of (±H,l-dimethyl 7-( P benylmethyl)-l 1 4-dioxa-8-azaspiro[4,5]decan6- 
8-carboxylate (33.34 g; prepared according to the method described in EP-A-532,456) 
5 in HC1 (6N; 250 ml) was stirred at 70 *C for 1 hour and 30 minutes. The mixture was 
cooled, alkalized with NaOH while cooling to 25*C, and extracted with DCM (100 ml). 
The organic layer was separated and the aqueous layer was extracted with CH2CI2. 
Triethylamine (20.2 g), followed by 3,5-bis(trifluoTomewyl)beiizoyl chloride (27.7 g) 
dissolved in a little DCM were added and the mixture was stirred for 2 hours. The 

10 mixture was extracted with water, and the layers were separated. The organic layer was 
dried, filtered and the solvent evaporated. The residue was crystallized from DIPE, the 
precipitate was filtered off and dried, yielding 1834 gproduct. The mother layer was 
evaporated and the residue was crystallized from DIPE. The precipitate was filtered off 
and dried, yielding 6.51 g of product. The two fractions were put together and taken 

15 up in water and DCM, NaOH was added and the mixture was extracted. The organic 
layer was dried, filtered and the solvent evaporated, yielding 16.14 g (38%) of Ot)-l~ 
P,5-bis(trifluoromemyl)bMzoy^2-(ph (intermediate 3- 

mp.i02.5°C). 

20 Example A.3 

A mixture of pyrrolidine (2.13 g) and triethylamine (6.06 g) in DCM (100 ml) was 
stirred at -10°C. 2-chloro-2-phenylacetylchloride (5.67 g) was added slowly and 
dropwise. The mixture was allowed to warm to RT and was then stirred overnight The 
mixture was extracted with water and K 2 C0 3 . The separated organic layer was dried, 

25 filtered and the solvent was evaporated. The residue was crystallized from DIPE and 
the precipitate was filtered off and dried, yielding 3.25 g (48 %) of fraction 1. The 
mother layer was separated and the solvent was evaporated. The residue was 
crystallized from DIPE and the precipitate was filtered off and dried, yielding 0.29 g (5 
%) of fraction 2. Both fractions were combined, thus yielding 3,54 g (53 %) of (±)-l- 

30 (2-chloro-2-phenylaceQfl)pyrrolidine (intermediate 4; mp. 88.5 °C). 

Example A.4 

Sodium hydride (2 g) was added portionwise to a solution of 3,5-dimethylphenol (6.1 
g) in DMF (50 ml). The mixture was stirred for 30 minutes and added dropwise at a 
35 temperature below 30 "C to a solution of 2-chloro-2-phenylacetylchloride (9.45 g) m 
DMF (50 ml). The mixture was stirred overnight, decomposed with water (5 ml) and 
the solvent was evaporated. Water was added and the mixture was extracted with 
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mp.79.0°C) 
Example A S 



(phenylmethyDpiperidiiie entennediate 6). 

b) A mixture of intermediate 6 (0.0067 moll in THP ti sri «.t\ t ^ 

(Phenylraethyl)piperidme (inteimediate 7). 
25 ExanmleA.fi 

£ J^T ° f 'TT"** 4 *^"* (0,2 mol) and 1-methylpipe^ne 
(0.2 mol) m methanol (500 ml) was hydmgenated for 8 hours with paUa^Z, 

STX^*"^ ^^ofhydroJn.rXwas 
30 ^ J^ Q ^^ evaporated. A mixture of di-to? -butyl dicarbonate 

P^umonactiv a tedc a rbonaO%,Z Sg )asacatalyst. After uptake of hvZ«. * 
catalyst was filtered off and the fiJtrate was evaporated. ThZ T y ^ gen ' 
^ r iona^ 

o tm^ 

4 (^W^pera^^ 
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a) A mixture of 4-methoxypyridine (0.4 mol) in THF (1000 ml) was stirred and cooled 



m 



a 2-propanol/C0 2 bath. Ethyl chloroformate (0.4 mol) was added dropwise and the 
mixture was stirred for 3 hours while cooling (mixture I), m another round-bottom 
flask, the Grignard-reagent was prepared: Mg (0.44 mol) was stirred in a small amount 
of (CzHshO. Some fe was added. A small amount of U-dichIoro-4-(chJoromethyJ)- 
benzene was added. Then, U-dichloio4-(chloromethyl)benzene (0.4 mol) in 
(CiHsfeO (600 ml) was added dropwise at reflux temperature. The mixture was stirred 
for one hour (mixture II). The Grignard-reagent was decanted off, added to mixture I at 
< -40 °C and the resulting reaction mixture was stirred, allowing the temperature to 
reachRT. The reaction mixture was stirred for one hour at RT.HC1 (10% 800ml) 
was added and the mixture was stirred for 30 minutes, then CH 2 C1 2 was added. The 
organic layer was separated, dried, filtered and the solvent evaporated, yielding 57 8 g 
(44%)of(a:>ethyl 6-K3,4-dichlorophenyl^ " 
pyridinecaiboxylate (intermediate 9). 

b) Intermediate 9 (0.176 mol) in THQP (880ml) was stirred under a N 2 flow, and cooled 
to -78 «C. I^selectride (0.264 mol) was added dropwise at -78 °C. The reaction 
mixture was stirred for 1 hour, then poured out into water. DIPE was added. The 
oigainc layer was separated, washed with an aqueous NaHCOs solution, with an 
aqueous NaCl solution, dried, filtered and the solvent was evaporated. The residue was 
purified by column chromatography over silica gel (eluent: CBfeCVCIfeOH 90/10). 
The desired fractions were collected and the solvent was evaporated, yielding 20 2 g 
(34.8%) of (±)-ethyl 2-[(3,4-dicMorophenyl^^ 

(intermediate 10). 

c) TitaniumOVlisopropoxide (0.0269 mol) was added to a mixture of intermediate 10 
(0.0224 mol) and intermediate 10 (0.0224 mol) in DCM (11 ml). The mixture was 
stirred at RT for 3 hours. Sodium cyanoborohydride (0.0224 mol) and men ethanol (10 
ml) were added. The mixture was stirred at RT for 48 hours. Water was added and the 
nuxture was stiired. CH 2 C1 2 was added and the mixture was stirred. The organic layer 
was separated, dried, filtered and the solvent was evaporated. The residue was purified 
by HPLC over silica gel (eluent: OfcCli/CHaOH 100/0 and 98/2). The pure fractions 
were collected and the solvent was evaporated. The residue was purified by reversed 
phase chromatography (eluent: NH4OAc(0.5% in H 2 oyCH 3 OH 20/80). Two pure 
fractions were collected and their solvents were evaporated. The residue was dried and 
ground, yielding 2 g (16%) of (±)-ethyI '«m-2.£(3,4-dicWoropheny 
K2,6^imemylpheDyl)aimn^^^^ 

(intermediate 11) and3.Sg (28%) of (±)-ethyl cw-2-f(3,4-dichlorophenyI)metbyl]-4-[4- 
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10 (intermediate 13). 

I 

Example A * 



d) A mixture of intermedia*, H (0.0034 mol) and potassium hydroxlde (0 034 . 

filtered and the solvent was evaporated The residue was purified by column dm,™*, 
colteeted and the solvent was evaporated, yieldlngOJ g (30%) of ( ±H mn S - K 2-[(3 4- 
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a) ^utyllitWum (0.066 mol) was added to a mixtu* of 1.1-dimethylemyl 1 4- 

^rT^ Ienediamine ^ ^ (10 ° ^^mmwasstod 
TO^Thf I"' 3 ^"-^ (0.07 mo,) was added dxopwise at - 
7U"C. The mixture was allowed to warm to RT. Water (50 ml) and DIPF ^ * 
The aoueoaa byerwas separated and exacted with StS^ 
layer was dne4 filtered and the solvent w„, evapoMed . Toluene was added and 

hZZ^T^f TKO^tK-ophC- 
hydroxyr« UIy 1^1.4^oxo-8^p ira[ 4.3^ 8 ^ rt)oxyla[1! Onteraedias llT 

£ 7,^", ""3"? M (006 2— tbyl-2-propauol. podium saIt 

0.72g) in toluene (110 mOwaaadrredandntftaxedfbrahouts. The solvent ™ 

ITT ,^. rc!idU ° ^ P"*» — - . small JZT« wL 
and decanted. The reside wa, dissolved In CrfeCfe, dried, mtered and 2 soC was 

evaporaBi The residue was purified by coltumtchrernatography over silica «1 
«■«. OVVM iOO/0. «, ^ 9SQ) . ^ ^,25^3 EL and 
Iheir solvents were evaporated, yielding 9.2 e (i9%) of fa>3< 3 5 

ttZSTZZT"** 15 ( °' 03 m0l) ™ MettaMl < 230 -0 ™» »»*«■— at 
SO C with palladium on activated carbon fl o», .2 g) „ a AftJupL oT 

hydrogen, the catalyst was filtered off and the filtrate was «v««™,~i 
pufifiedoversiHc.ge.onag.assfflres^S^r^^r^^ 
andCH.CV^OH^^, The desired fiac^^^^l, 
was evaporated, yW^g ,.o g (39 %) of fa)-7-K3,S-difluorophen,l)m M hy.H 4^0x0. 
8-azaspiro[4.5]decane(intetinediatel6). '.t-oioxo. 
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d) A mixture of intermediate 16 (0.012 mol) in HQ 6N (30ml) was stirred at 75°C for 
2 hours. The mixture was cooled, poured out into ice and a NaOH solution and 
extracted with CH 2 C1 2 . The organic layer was separated, dried and filtered, yielding 
2.7 g of (±>2-[(3,4-difluorophenyl)methyl]-4-piperidinone (intermediate 17). 

e) A mixture of 3,5-trifluoromethylben2oy] chloride (0.012 mol) in a small amount of 
CH2CI2 was added dropwise to a stirred mixture of intermediate 17 (0.012 mol) and 
W-diethylethanamine (0.024 mol). The mixture was stirred at RT for 1 hour and 
water was added. The organic layer was separated, dried, filtered and the solvent was 
evaporated. The residue was purified over silica gel on a glass filter (eluent: CH 2 C1 2 / 
CH3OH 100/0 and 99.5/O.S). The pure fractions were collected and the solvit was 
evaporated, yielding 2.7g (48%) of (±)-l-[3,5-bis(trifl.uoromethyl)beii2oyl]- 
2-[(3,5-aanuoropheny))raemyl]^-pjperidio<me (intermediate 18). 

Examnle A.9 

&c-butyllithium (0.63 mol) was added at -78"C under N 2 flow to a solution of 
1,1-dimethylethyl l,4-moxo-8-azaspiro[4.5]-8-carboxyIate (0.57 mol) mANJf.N'Jtf*- 
tetramethylethylenediamine (1.14 mol) in (C 2 H S ) 2 0 (1000 ml). One hour after' 
complete addition, a mixture of 3-(trifluoromemyl)benzaldehyde (0.57 mol) in 
(C 2 H 5 )20 (200 ml) was added. The mixture was allowed to warm to RT and then 
stirred at RT for 16hours. The solvent was evaporated. A mixture of 2-methyl-2- 
propanol, potassium salt (0.2 mol) in toluene (500 ml) was added. The mixture was 
stirred at SO'C for 5 hours. The solvent was evaporated. The residue was heated with a 
saturated NH4CI solution and extracted with CH 2 C1 2 . The organic layer was separated, 
dried, filtered and the solvent was evaporated. The residue was suspended in DIPE, 
filtered off and dried. This fraction was dissolved in CH3OH (250 ml) and the mixture 
was hydrogenated with palladium on activated carbon (10%, 3 g) as a catalyst After 
uptake of hydrogen, the catalyst was filtered off and the filtrate was evaporated. The 
residue was purified over silica gel on a glass filter (eluent: CH^CHaOH 95/5). 
The pure fractions were collected and the solvent was evaporated. This fraction was 
dissolved in HC1 (6N, l0 0 ml) and CR 3 OH (100 ml) and the mixture was stirred at 
5<fCfor8hours. The organic solvent was evaporated. The concentrate was washed 
with a saturated K 2 CO s solution and extracted with CH 2 C1 2 . The organic layer was 
separated, dried, filtered and the solvent was evaporated. The residue was purified over 
silica gel on a glass filter (eluent: CH 2 Cl 2 /CH 3 OH 95/5). Tk pure fractions were 
collected and the solvent was evaporated, yielding 48.5 g (70 %) of (±)-2-{[4- 
(trifluorememyl)phenyl]memyl]-4-piperidinone (intermediate 19). 
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ExampIe,A f |0 

a) A mixture of ethyl p^xobenzenebutanoate (0.5 mol) and benzenemethanamine 
(0.5 mol) in toluene (500 ml) was hydrogenated at 120°C (pressure = 100 kg) overnight 
in the presence of Cu^Os (5 g) and CaO (10 g). After uptake of hydrogen, the 
catalyst was filtered off and the filtrate was evaporated, yielding 29.7 g of (*)-ethyl 
M24>is(phenylme%l)-p^alanine (jratermediate 20). 

b) Ethyl chloroacetate (0.3 mol) was added to a mixture of intermediate 20 (0.2 mol) in 
DMF (250 ml). The mixture was stirred and triethylamine (0.4 mol) was added. The 
mixture was stirred at 60»C overnight. The solvent was evaporated and the residue was 
taken up mwater/CH 2 Cl 2 . The organic layer was separated, dried, filtered and the 
solvent was evaporated, yielding 76.6 g of (±)-ethyl 3-K2-ethoxy-2-oxoethyl)(phei,yl. 
raethy])amino]benzenebutanoate (intermediate 21). 

c) Intermediate 21 (0.2 mol) was heated to 80°C under N 2 flow. NaOCH 3 (44 g) was 
added. The mixture was stirred at 80°C for 30 minutes. The solvent was evaporated 

15 and water (170 ml) and HC1 (6N, 60 ml) were added. The mixture was stilted and 

refiuxed for 1 hour, then cooled, alkalized with NaOH and extracted with CH 2 C1 2 . The 
organic layer was separated, washed with water and a saturated NaCl solution, dried, 
filtered and the solvent was evaporated. The residue was purified by column 
chromatography over silica gel (eluent: CH2CI2/CH3CN 100/0 to 96/4). The pure 
fractions were collected and the solvent was evaporated, yielding 7.8 g of (*>1 5- 
bis(phenylmemyl)-3-pym>Udmone (intermediate 22). 

d) A mixture of intermediate 22 (0.027 mol) and OfeSOsH (0.03 mol) in THF (200 
ml) was hydrogenated with palladium on activated carbon (10%, 2 g) as a catalyst 
After uptake of hydrogen, the catalyst was filtered off, yielding (±)-5-(phenylmethyl)- 

25 3-pyrrolidinone memanesulfonate(l;i)(intennediate23). 

e) 3,5KU(trifluoromethyl)benzoyI chloride (0.03 mol) was added to intermediate 23 
(0.027 mol). The mixture was stirred and triethylamine (0.1 mol) was added. The 
mixture was stirred at RT for 18 hours and then washed with water, NaOH and a 
saturated NaCl solution. The organic layer was separated, washed with a saturated 
NaCl solution, dried, filtered and the solvent was evaporated. The residue was purified 
by column chromatography over silica gel (eluent CH2CI2/CH3OH 98/2). The pure 
fractions were collected and the solvent was evaporated, yielding 1.4 g of (±)-l-I3,5- 
Ws(trffluorc™emyl^^ (intermediate 24). 
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B r Preparation of the compo unds of fgjn Ma (T) 
Example B.l 

a) TitaniumOVJisopropoxide (16.5 g) was added to a mixture of intermediate 3 (21 5 s) 
and l<phenylmeth y ])piperazme (8.81 g) in DCM (35 ml). The mixture was stirred for 

the resulting reaction mixture was stirred overnight at RT. Water (5 ml) and DCM 
were added. The triphasic mixture was filtered over dicalite. and the filter residue was 

TvatrtZd ^c?* ^ ^ W8S Separated - *■* filte «* - ^ solvent was 
evaporated. The rcadue was crystallized from CH 3 CN and the precipitate was filtereT 

10 off and dried, yielding 7.93 g (26.9 %)of (±)^-l-P.54ris^^^ 

Cpheny «^ (^ound loT 

nip. i43.o C}« 

b 'j i The Jnotherliquor was concentrated and the residue was purified by column 
chromatography over silica gel (eluent: CH^HaOH 100/0, mcn ^ 98/2 , 97^ 

The A-rsomerwas crystallized from CH3CN. filtered off and dried, yielmngTTl g (4 

1 1 ! f ZT!? fraCtionS ° fthe were concentrated, yielding 

5.9 g( 20%)of(±)-^-H3. S .b^^ 

20 c^^^ l "^ ny,1PiPeildi,,e - ^^^ionsoftheWsomerwere 
wit S ? VOTt eVap ° rate<l 11,6 «»*» Was verted into the fumaric 

mperazmyljppendme (B)-2-butenedioate(I:2) (compound 17; mp. 240.3 
25 Example B.2, 

tTrTJ, C0MP ° U ? d 16 , (84 * " 1,161,131101 (2S0 was hydrogenated at 50 «C 
wtthpalladaumonacbvated carbon (10 fc) (2 g) as a catalyst. After uptake of H 2 tf,e 

ca^yst was filtered off and the filtrate was evaporated, yielding 7 g (100%) of (± H ~ 

30 

Examp le B.q 

a) Titanium(IV)i S opropoxide (13.2 g) was added to a mixture of intermediate 3 (17.16 

35 and ^o^methylpheny^l-piperazineacetamide (9.88 g) in DCM (20 ml). This 
m^cwtewas snned forShouraatRT. Sodium cyanoborohydride (2.52 g) in ethanol 
(20 ml) was added and the resulting reaction mixture was stirred overnight at RT 
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Water (10 ml) was added and the reaction mixture was extracted with DCM (800 ml). 
The organic layer was separated, dried, filtered and the solvent was evaporated. The 
residue was taken up into water and this mixture was extracted with DCM. The 

'V^€ tg ^h^ W ^m^md^m^ w t 9 (^ The residue was 
5 pre-puri fled by column chromatography over silica gel (eluent : CH2CI2/CH3OH 97/3). 
The desired fractions were collected and the solvent was evaporated, giving 4 g of the 
^rac^mate Resolution was obtained by purification over stationary phase Chiralcel 
OD (eluent: CH3OH 100%). Two desired infraction groups were collected and 
their solvent was evaporated, yielding 1.75 g fraction 1 and 2 g fraction 2. Fraction 1 
10 was dissolved in DCM, filtered and ihe filtrate was evaporated. The residue was dried, 
yielding 1.55 g (6%) <-MA)-rra«^[i-[ 3 .5-bis^^ 

^y^Pip^^yll-N^e^methylp^yUpi^^e acetamld* (compound 26; 
mp, 97.4 »C; [fit] D = -5.81* (c » I % ro DMF)). Fraction 2 was dissolved in DCM, 

filtered and the filtrate was evaporated. The residue was dried, yielding 1.70 g (6%) 
15 <+>^)-^^rM3,5-bis(^^ 

^fi-dimemylpr^yl^l-piperazine acetamide (compound 27; mp. 96.8«C; [a)* 0 = 
. +5.71°(c = l%inDMF)). 

b) Compound 27 was dissolved in warm 2-propanol and converted into the (L)-malic 
aridsaltwith asolutionof a>manc acid in 2-propanol. The mixture was stirred for 
20 2 hours and the precipitate was filtered off and dried, yielding (+HB>fran*-*-rH3 5- 
bis(trifluo ro meftyl)b^^ 

1-piperazine acetamide (L)-malic acid (1:1) (compound 95). 
Example B.4 

25 A mixture of compound 15 (2.5 g), intermediate 5 (1.65 g) and sodium carbonate 
(0.64 g) in methylisobutylketon (50 ml) was stirred and refluxed for 3 hours. The 
reaction mixture was washed and the separated organic layer was dried, filtered and the 
solvent was evaporated. Theresidue was purified over silica gel on a glass filter 
(eluent: CH^CHaOH 100/0 and 99.S/0.5). The pure fractions were collected and 

30 the solvent was evaporated, yielding 1 .59 g (43%) of (±)-3,5^methyl P henyl cisA-fU 
[3,5-m 8 (triflu OT omefc^^^ 
pipera2ineaeetate (compound 43; mp. 88.1 °C). 



35 



Examp le B.5 

A mixture of intermediate 2 (3.2 g), l-(diphenylmethyl)piperazine (2.5 g) and aluminum 
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tributoxide (2 g) in toluene (250 ml) was hydrogenated for 48 hours at 50 °C, with 
palladium on activated carbon (10 %; 2 g) as a catalyst in the presence of tbiophene (4 
% solution; 1ml). After uptake of hydrogen (1 equiv). the catalyst was filtered off and 
the filtrate was evaporated. The residue was purified by high-performance liquid 
5 chromatography over silica gel (eluent: CH 2 CVCH 3 OH 100/0, upgrading to 90/10). 
Two pure fractions were collected and their solvent was evaporated, resulting in residue 
1 and residue 2. Residue 1 was suspended in DEPB. The precipitate was filtered off 
and dried, yielding 0.94 g (17%) of (*)^*-l-(dirnothyIber^^ 
l-piperaanyl]-2<phenyln^^ 100.8'Q, Residue 2 

10 was dried, yielding 048 g (3.6%) of 0t)^niw-HdimethyIben2oylM.[4- 

(diphenylmethylH-piper^^ (compound 13). 

Example B. 6 

A mixture of compound 15 (0.005 mol) and l,2-«poxyetbylben*ene (0.006 mol) in 
15 methanol (50 ml) was stirred at RT for 1 hour. The mixture was stirred and refluxed 
for 3 hours. The solvent was evaporated and the residue was purified over silica gel on 
a glass filter (eluent: CH2CI2/CH3OH 100/0, 99/1 and 98/2). The pure tractions were 
collected and the solvent was evaporated. The residue was purified by HPLC over 
silica gel (eluent: CHaCla/CHaOH 98/2 to 95/5). Two pure tractions were collected 
and their solvents were evaporated. Each residue was dried, yielding 0.7 g (23%) of 
(±)-i?fc-H3,5-Ws(tr^^ 

pjperadnyJ^2-(phenylmethyl)piperidme (compound 60) and 0.23 g (7%) of 
(±Kfc-l-P.5-bis(ta'fluoron^ 

piperazinyl]-2-(phenylmethyl)piperidine (compound 61). 
Example B.7 

Compound 15 (0.005 mol), 2^hl<a^l-((2-methyl-5^>xazolyl)methyl]-lH- 
benzimidazole (0.005 mol) and Cupper (0.005 mol) were stirred at 140*C for 2 hours 
The mixture was cooled, dissolved in CH 2 C1 2 , filtered and washed with CH 2 C1 2 and a 
diluted NH4OH solution. The organic layer was separated, washed with a diluted 
NH4OH solution, dried, filtered and the solvent was evaporated. The residue was 
purified over silica gel on a glass filter (eluent: CH 2 Cl2/CH 3 OH 100/0, 99.5/0.5, 99/1, 
98.5/1.5 and 98/2), The pure fractions were collected and the solvent was evaporated' 
The residue was dried, yielding 1.42 g (40%) (±>ci 5 -l-[3^-bi 8 (trifluoromethyl). 
benzoyl]-4-r4-[l-[(2-methyI-5^ 
2-(phenylmethyl)piperidine (compound 70). 



20 
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Exaroplo B.8 

A mixture of intermediate 7 (0.0033 mol) and 3,5-dimethylbenzoyl chloride 
(0.0035 mol) in DCM (50 ml) was stirred at RT for 15 minutes. Triemylamine 
(0.007 mol) was added and the mixture was stirred at RT for 1 hour. Water was added. 
The organic layer was separated, dried, filtered and the solvent was evaporated. The 
residue was converted into the tumeric acid salt (1:1) with 2-propanoI. The precipitate 
was filtered off and dried. The residue was converted into the free base with NaOH. 
The precipitate was filtered off and dried. The residue was purified over silica gel on a 
glass filter (eluent CH 2 a2/CH 3 OH 100/0, 99.5/0.5, 99/1, 98/2 and 97/3). The pure 
fractions were collected and the solvent was evaporated. The residue was dried, 
yielding 0.8 g (36%) (±>cfc-AH2-[4-[l-p,5^ 
(phenylraetoyl)^piperidinyl]^ 
116). 

15 Example B.9 

A mixture of compound 74, prepared according to example B.4, (0.004 mol) in 
methanol (150 ml) was hydrogenated at S0°C with palladium on activated carbon (10 
%', 1 g) as a catalyst in the presence of thiophene (4 % solution, 1ml). After uptake of 
hydrogen, the catalyst was filtered offend the filtrate was evaporated. The residue was 

20 crystallized from DIPE. The precipitate was filtered off, washed with DIPE and dried. 
This fraction was dissolved in toluene. The mixture was filtered and the solvent was 
evaporated. The residue was suspended in DIPE. The precipitate was filtered off and 
dried. This fraction was converted into the fumaric acid salt (1:2) with a warm solution 
of fumaric acid (0.52g) in ethanol. The mixture was stirred for 6 hours. The precipitate 

25 was filtered off and dried, yielding 0.91 g (25%) of Cfc)-cfa-JV-(4-amino-2,6- 
dimetbylphenylWH3,5-(^^ 

1-piperaaneacetamide (E)-2-butenedioate(i:2) (compound 129). 
Example B.IO 

30 fec-butyllithium (0.035 mol) was added at -78 e C under N 2 flow to a solution of 

1,1-dimethylethyl 4K4-methyl4-pipeiaanyl)-l-piperidinecarboxylate (0.05 mol) and 
^^ATHetramethylethylenediamine (0.1 mol) in (CzHsbO (50 ml). 2 hours after 
complete addition, a mixture of benzaldehyde (0.05 mol) in (C 2 Hs)20 (50 ml) was 
added. The mixture was allowed to warm to RT and then stirred at 25°C for 16 hours. 

35 The solvent was evaporated and the residue was washed with a saturated NH4CI 

solution and extracted with OHfeCfe. The organic layer was separated, dried, filtered 
and the solvent was evaporated. A solution of 2-methyl-2-propanoI, potassium salt 
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(0.02 mol) in toluene (100 ml) was added to this fraction and the mixture was stirred at 
100°C for 2 hours. The solvent was evaporated. The residue was washed with a 
saturated NH4CI solution, extracted with CH 2 C1 2 and decanted The organic layer was 
dried, filtered and the solvent was evaporated. The residue was purified over silica gel 
on a glass filter (eluent: CH2CI2/CH3OH 95/5). The pure fractions were collected and 
the solvent was evaporated. This fraction was dissolved in methanol (150 ml) and 
hydrogenated with palladium on activated carbon (10%, 3g) as a catalyst After uptake 
of hydrogen, the catalyst was filtered off and the filtrate was evaporated. The residue 
was purified over silica gel on a glass filter (eluent: ClfcCfc/CHsOH 95/5). The pure 
fractions were collected and the solvent was evaporated. This fraction was dissolved in 
DCM (20 ml) and Triethylamine (2 ml). 3,5-di(trifluoromemyl)ben*oyI chloride 
(0.0087 mol) was added at 0°C. 1 hour after complete addition, water was added and 
the mixture was extracted with CH 2 C1 2 . The organic layer was separated, dried, 
filtered and the solvent was evaporated. The residue was purified over silica gel on a 
15 glass filter (eluent: CH 2 CJ 2 /CH 3 OH 95/5). The pure fractions were collected and the 
solvent was evaporated. This fraction was converted into the (E)-2-butBnedioic acid 
salt (1:2) with ethanol. The precipitate was filtered off and dried, yielding 4.7 g (74%) 
of (±)-c/^l-{3,5-bis(trifliroroine 

(phenylmethyl)piperidine (E)-2-butenedioate(l:2) (compound 130) 

20 

ExamnleB.il 

A mixture of compound 15 (0.005 mol), /v"-[2-(3,4-dichlotophenyl)-4- 
[(methylsulfonyDoxy]bmyl]-Ar-metbyl bensamide (0,0055 mol) and NaHCOs (0.0055 
mol) in ethanol (50 ml) was stirred and refiuxed for 6 hours. The solvent was 

25 evaporated, the residue was taken up in water and extracted with CH 2 C1 2 . The organic 
layer was separated, dried, filtered and the solvent was evaporated. The residue was 
purified over silica gel on a glass filter (eluent CH 2 Cl 2 /CH 3 OH 100/0, 99/1, 98/2 and 
97/3). The pure fractions were collected and the solvent was evaporated. The residue 
was converted into the fumaric acid salt (1:2) with ethanol. The precipitate was filtered 

30 off and dried, yielding 1.42 g (27%) of (*)-cfc^[4-[4-tl-[3,s. 
Ms(trifluoromemyl)ben^ 

&chlorophenyl)butyl]-iV-methylben2amide (E)~2-butenedioate(l:2) (compound 93). 
Example B. 12 

35 A mixture of (±)-l-C3,5-bis(trifluoromethyl)benzoyI]-2-[(33-difluorophenyl)methyl]^ 
piperidinone (0.0058 mol), W.6-dimemylphenyl)-l-pipera2ineacetamide (0.0058 
mol) and titaniumaV)isopropoxide (0.0064 mol) in 2-propanol (5 ml) was stirred at RT 
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ovemight. NaBH* (0.0116 moJ ) and ethanol (15 ml) were added. The mixture was 

r^VJX ^ (5 ml) W3S ■* *e mixture was stirred for 10 minutes 
CH 2 C, 2 (200 m!) was added. The organic layer was separated, dried, filtered" 

5 Sn/^Z 4 ™^e n was purified by HPLCover silica gel (eluenr 
5 ^2Cl 2 /CH 3 OH98/2to90/l0overa30-minu teperi od). Two pure fiJLc?7and 
^werecolleetedandtheirsolventswemevaporated. Fl was purified by column 

fracas w^e collected andthe solvent was evaporated. The residue was dried, 

io rr s ? n (8 T f( ^^ 

collected and the solvent was evaporated. The residue was dissolved m OfeCfe 

(2.6-dimemylphenyl>l-pip eraz i neacetaniJde (compound 133). 
20 Examp le B.I 3 

p^lneacetamlde (0.00. mol) „ DCM (20ml). Wemixt^^s^df^s 
A l^ta*. (2ml) was added. The mixture was stirred at RT for3 hours 

. _ 3 ltie PWre fractions were collected and the solvent was 

^^^^^^^^30,. ^prec^wasrCISr 

piperazmeacetamide (compound 139). 
BsampleBlA 

2-1). Ate«ptak e ofhyd ro(!M .U» caWy „ WMrateredoffan< , th(! 
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evaporated. The residue was purified over silica gel on a glass filter (eluent - ClfoCW 

saJvent was evaporated. The residue was converted into the fumaric acid salt (1-2) 
fmm ethanoL ™* P^tate was filtered off and dried, yielding 2.8 g (32%) of' 

piper^nylJ-^phenylmethyOpipendine (E^-butenedioateU*) (compound 11 1) 



Example B15 



10 



(20 ml). A solufon of fumaric acid (0.003 mol) in ethanol (15 ml) was added and the 
^wasstoodforTdays. The precipitate was filtered off and dried, yields , 2 g 

^^^thylphenylH-piperazmeacetamide (E^butenedioateda) (compound 



15 128). 

Example B.16 



20 — ' 050 -D - hydro geMK d « 50-C wilh ^ am ^ 

O0». 1 g) X a catalya ta the presence of uophene aotatioa <, „,!). ^ HpWa . . 

panfied by column chromatography over affiea gel^to^ cSay^OH 95,5^ 
The des^d fracdons wen, collected and the .olven, wm evaporated. The residae was 
^" d „*"7«««»BK The precipe was fi^ ^ ^ 

£«^ Bdl „y^^ 

30 Example B.17 

™ ~* d 10 ^"-^'WorobeiEHieacaic acid (± 04004 mol) and l- 
hyd^ybanzoMazote hydra* (0.080 g) in DCM (5 ml). The mhoure waa .Hmad and 
^^^hanol-baovonderN^ 

^1 Z °"^ -d ^^»^Pyl>3^y]<arboditoide hydrochloride (0 1 20 .M„ 
Toe teaehon m KWre ^ 8nEred overnight The mixtae was diluted with cicj 



5 



10 
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2lM tll^ VOlUme Then ' c ^und was isolated and 

punfied by HPLC over silica gel (eluentr CH 2 C1 2 to CH 2 CI 2 /CH 3 OH 90/10 over 20 

mmutes at 125 ml/nrinute). The desired fractions were collected and the solvent was 
evaporated, yielding 0.020 g of (±)-ci*-l-[(3,4-dic W oropbe„ y i)acetyJJ.2> 
(phenylmeftyl)-4-^^ (compound 181). 

Example B-T 8 

3«(trifluoiomemylH-isccyanatobenzene (0.002S mol) in DCM (10 ml) was added 
toami^ofO^^^ 

o^r^ <a0025 ^ * (1S * ^ ^-re was snlaTtRT 
overnight. The precpjtate was filtered off and dried, yielding 0.66 g (40%> of teY. 
^tlTOs^uo^^ 



-i—M- i, i, „ , J '■J™"'™*«iK>nyjj-^pneiiylmMil 

p.pmdmyl W 2, WlTOmylpheny , ) . 1 ^ pK ^ D(:aMta|iiide! (compo]B)d ^ 

U feamBteBlo 

*»»»de «M» mol) ,n 2-propano, <!S0 nd) was hydrogenated „ so-C withpMnun, 

fflt^d off and to fltaate was evaporated. Il».^d» e *, a .L M .«,i„cka?.nd 
IfcO T*e organic Iayer wm „ Mhed ^ ^ ^ ^ 

H cageU. hlCTtCH2 C l2 ,CH,OH9^. T*o pu« ^ons W L cot^T 

35 
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Tab)e 1 





CH 2 
{? A 

C-N } — N N— L 



Co. No. 



Ex. -L 



I 

2 

3 
4 



10 



11 



6 
6 

9 

9 



l-H 

-a 



H*0 



5 -Ofc-JL 




II 



I — CH 2 — C-NH 

CH/ 



! «k if 



"■0 

c%xf 



8 



8 




— CM 2 b 



H 




[-E-Q-c 



OCH 3 



OCHj 
0CH 3 



9 




0CH 5 




Physical date (mp = melting 
point) 



(±ytrans 

(±>*ir, mp 196.9 *C 
(±Hfr;mp94.0°C 

<:fc)-<?te-{E) ; mp 201.0 *C 
(±)-ta»w-(E); mp 210.1 °C 

(±)-cfe;mp92,l °C 



(±)-cfe; nip 72.8 °C 
[±)-trans 
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1 

12 


9 


6 


(.±ycis; rap 100.8 °C 


13 


9 


-f-O 

0 





Table 2 




CH 2 




Co. No. 


Ex. 


n 


p 


-L 


Physical data 

(mp = melting point) 


14 


B.2 


1 


l 


-H 


(±)-tran$ 


15 
16 


B.2 
B.l.a 


1 
1 


i 
l 


-H 


(±ycis 

(±ycis ;mp 143.8 °C 


17 


B.l.a+b 


1 


l 




(±)-rmrL? ; mp 240.3 °C ; 










o 

— CMj— CH t — — H 


fumade acid (1:2) 


18 


B.l 


1 


i 


( ±hcia; mp 120°C 


19 


B.1 


1 


i 


o 


f ±)-trans; mp 150°C 


20 


B.l 


M 


i | 




Ofc)-£fe;mp70.4 D C 
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1 1 



1 1 



1 1 



1 1 



1 1 



1 1 



o 

CH a -CH 2 -o-CH 2 -cai a 




-co 



o ce 3 



— CH 2 — C 



CO 

CH 2 -ca 2 -o~c 2 H s 



(±)-/r<ms;mp 169. l°C 



(±)-trans-, mp 173.8°C 



(±)-cfc;mp93.2 0 C 



1 1 



-OH 2 -C— NH 



CH 3 
CH 3 




CH 3 



1 1 





OH 

-o 



(,±}-trans; mp 100. 1°C 



(*)-<n»w, mp 75.4 P C 

(rHAyirons; mp 97.4°C; 
[000° = -5.8l°(c = l%in 
DMP) 

(+)-(B)-/rons; mp 96,8°C: 
20 

fajjj = +5.71*(c=l%m 
DMP) 

(±)-transi mp 185.7*0 



l^b^ao w.fcNI IJbl-HK.nhNI * bUK.HHI ,U- h . 
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31 



32 



33 



38 
|39 



B.l 



B.l 



B.1 



B.4 

IB.4 



40 B.4 



1 1 



I 1 



1 1 



V 



U 



— CH 2 -C-NH-CH 



34 B.l 1 2 



35 B.l 11 



CH 2 



6 



-cr 



36 B.l l i 



37 B.4 11 



1 

— CH 
F 

— CH- 

$ 

F 



DO 





1 1 



-dfe-C-NH-/ \ 

-Cffe-C-NH-^ A 
-CH2-CH2-OM 



(±)-cw; mp77.5°C 



mp 183.1°C 



\ // I <±)-/ran.r, mp 115.6°C 



Ot)-trans; mp 120. 1°C 
[ Ot)-cfc; mp 150.9°C 



I (±>frans; mp 120.8°C 



H 
I 



CO 



nop 85.6°C 

I (±)-trans; mp 170.5°C 
! i±)-cis; mp 192.9°C 

(±>-/rti«s; mp 240.7°C 
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41 



42 



43 



44 



45 



46 



47 



48 



49 



B.4 



B.4 



B.4 



B.4 



B.4 



B.4 



B.4 



B.1 



B.l 



-CH 2 -C-NH 




O * 

CH 3 




CH 3 



CH3 



6 

c 

f? /=( 

-CHz-C-NH-K ^ 



— CH, — C— NH 



— CB, — C — NH 





(+y-(Aycisi mp 177.3 Q C; 
20 

[a] D = -H9.88°<c=l% 
in methanol) 



(-HB)-cis; mp 177.3°C; 
[O^ = -20.34* (fi = l% 
in methanol) 
(±)~cis; mp 88.1°C 



fcfc)-cfa;mp227.1 0 C; 
fumaric acid (1:2) 

(±)-trans; mp 200.2°C 



(±ytrans; mp 105.6°C 



(±)-cfr; mp 89.2°C 



Qtytraru; mp 89.7 b C 



(±)-c&; mp 135 4 8 0 C 
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50 



SI 



52 



53 



54 



55 



56 



57 



56 



59 



60 



B.4 



B.4 



B-4 



B.4 



B.5 



B.5 



B.5 
B.5 
B.l 

B.4 
B.6 



-CHj-C—NH 



CHj 
O-CHj 




; — CH 2 — C 



O 




0 



-CHz-C 



CHj 



6 
6 

O-CH, 

Ho 
-o 



o °* 

.CH 2 .&—NH 
CHj" 

o 01,3 

CH; 



-CH 2 -CH(OH)— 





(±)-fr«n$; mp J40-4°C 



l(*^;mpl73.5°C 



|(±)-cfc;mpl01.5°C 



I teytrans; rap 185.8*C 
(±><fr; mp 260°C 

| <±)-frarw; mp 75.2*C 
! (±)~trans; mp 80.1°C 



l(±) 

(±)-cfe; mp 106.4°C 



J.W WPW C— www 
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61 

62 
63 

64 
65 



66 



67 



68 



69 



70 



71 



B.6 

B.l 
B.1 

B.2 
B.4 



B.l 



B.l 



B.l 



B.4 



B.7 



B.4 



CH 2 OH 




TO 



CH 2 -CH 2 0 -CB i .C^ 

Nf 




-H 

O 
it 

— CH 2 -C 



CH 3 
CH 3 

— (CH J )j- NH '^ N '^S^ 



X~0 



CH 2 




I 

N 



CPs 



CF3 



fumaric acid (1;2) 



(±}-cis 



(±ytrms 



(±y-tran$; fumaric acid 
(1:2) 

{±ytran$ 
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72 



73 



74 



75 

76 
77 

78 



79 



83 



84 



B.4 



B.4 



B.4 



B.4 

B.4 
B.2 



B.8 



80 


B.l 


81 


B.2 


82 


B.l 



B.4 



B.4 1 



B.l 1 



-CHj-C-NH-Z^V-NOa 



O 

ii 

— (CH2J2— C 



CHj 

CI 

« >-\ ? 

a 

— CHz-C-NH— ^ > 

-CH2-C(=0)-NH-CH(CH3)2 
-H 

0% 



(±)-c£s 




CF 3 



— CH— CH 2 — NH-C-CH3 



— CH-CH2-NH-C-CH3 





-CH2-C— NH— 



CH 3 



(±)-cij; fumaric acid (1:2) 



(±>cfc 



(±)-cw; ftimaric acid (1:1) 

(±)-cfr 
(xyrrans 

(,±)-trans 



(±}-cis 



(+>(B)-»OTW 

(+MB)-/rarw 
(±)-c& 



(Shirans 
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86 

187 



89 
90 



B.6 
B.l 



88 B.l 



B.4 
B.ll 



91 B.4 



92 B.ll 



-40- 



OH 



93 B.ll 



94 B.4 



6 Y 
6 Y 

-(CH2)2-OH 

^ — ' 1 Ok)-transi fumaric acid 

(1:2) 

* )=\ I 
— (CH^-C-NH— ^ \ 

j (±)-trans; ] 
(1:2) 



(±y trans 

| (±)-franr 
{±)-trans 

I (±)-cto; 

fumaric acid (1:2) 
(±)-m»ts 



ch 3 



; fumaric acid 



— (Cfifea— CH_ci%-H_o 
CH, 



a 

-(^^-j^^g-c-^jj |(±)-<^ramaric acid (1:2) 
o 

6 • 
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1 


1 


96 


B.4 


1 


1 


97 


B.4 


1 


1 


98 


B.4 


1 


1 


99 


B.4 


1 


1 


100 


B.4 


1 


1 


101 


B.4 


1 


1 


102 


B.4 


1 


1 


103 


B.4 


1 


1 - 




o 



— CH 2 — C 




— CHi- 






— <CH2)3- 



CH 3 



(B)-frans ; (L)-malic acid 
(1:1) 



(±)-trans\ fumaric acid 

(1:2) 

(±)-trans 



(±)-cfe 



(±)-cis 



(±)-cis famaric acid (1:2) 
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104 B.4 



105 B.4 



106 B.4 



107 B.4 



108 B.4 



109 B.4 



110 B.14 



U 

12 
113 
114 



B.14 
I B.4 
IB.1 

B.2 



US B.8 



o 

n 

— CH 2 -C 



— (Ofcfe-C— N- 



O 





CH 3 




0 

-CH 2 -C 



-<9 

CH 2 — C-N— 1!^ J 



_ 9 

— CH 2 — C-NH- 



CF 3 



M N 

CH 3 




o s 

-CH 2 — C-NH— ^ JJ 




— CH 2 



H 




CM 3 



C«3 



(*)-tam 

(±ytrans 
(±)-trans 

(±)-trans 



(±)-trans; fumade acid 
(1:2) 

(±)-cis\ fumaric acid (1:2) 
(±htrans 

(±)-trans 

(±)-tran$i fumaric acid 
(1:2) 

(±)~tran$ 



'* % • I I I I ■ Wi 4 in 



047 10. 06. 2003*" 19:19:3] 



*43- 



116 


B.8 


1 


1 


117 


B.8 


1 


1 


US 


B.4 


1 


1 


119 


B.4 


1 


1 


120 


B.13 


1 


1 


121 


B.l 


1 


1 


122 


B.1 


1 


1 . 


123 


B.4 


1 


1 • 


124 


B.15 


1 


1 


125 


B.15 




1 - 




CPs 



o 




<5 



o 
II 





CH 2 



o 

I) 




CH 3 




CH 3 



(±)-trans 

(±y-trans; fumaric acid 
(1:2) 

(±)-mms 
t±)-tran$ 

(±)-trans 



(B)- trans; benzoate (1:1) 



(B)-trans; maleic add 
(1:1) 
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126 


B.1S 


1 


1 


127 


B.1S 


1 


1 


128 


B.15 


1 


1 


129 


B.9 


1 


1 


130 


B.10 


1 


1 


131 


B.16 


0 


1 



-CH 2 — C— N 



— CH 2 -C-N- 



CH 3 




(Bytranx 

hydrochloric acid (1:2) 
hydrate (1:1) 

(Bytrans; 
succinic acid (1:1) 



fumaric acid (1:1) 



(±)-ch; fumaric acid (1:2) 
(±)-c&; fumaric acid (1:2) 

(±ycis 
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T ab1e , 3 




CH 3 




Co. 

XT 

No, 


Ex. 


X 


R2 


R a 




R* 


Physical data \ 
1 


132 


B.12 


c.b. 


3.5-di(trifliioit>- 


F 


H 


F 


(±>cis | 








methyl)phenyl 










133 


B.12 


c.b. 


3,5-di(trifluo«o- 


P 


H 


F 


(±)-trans j 








methyl)phenyl 








1*5 A 

134 


B.12 


c.b. 


3,5-di(trifluoro- 


H 


F 


F 










methyl)pbenyl 










135 


B.12 


c.b. 


3^5-di ( trifl i irvrru 


xl 


r 


F 


(±)-trans j 








methyl)phenyl 










136 


B.4 


c.b. 


3,5-di(trifluoro- 


H 


CF 3 


H 


(±)-(B)fiimaric 


137 






metbyDphenyl 








acid (1:1) 


B.4 


C.b. 


3,5-di(trifluoro- 


H 


CF 3 


H 


(±HA) | 








methyl)phenyl 








138 


B.13 


c.b. 


3,5-d](trifluoro- 


H 


CI 


CI 


(±)-cis 








methyDphenyl 








139 


B.13 


c.b. 


3,5-di(Crifluoro- 


H 


a 


CI 


(±)-trans 








methyDphenyl 










140 j 


B.19 


c.b. 


3,5-dl(ttifluoro- 


F 


H 


CF 3 


(±)-cw 








methyl)phenyl 










141 


B.19 


c.b. 


3,5-di(trifluoro- 


F 


H 


CF 3 


(±)-trans j 








methyl)pheny) 










142 


B.13 


c.b. 


3-lsopropoxypheny] 


H 


H 


H 




143 


B.18 


-NH- 


3,5-di(trifluoio- 


H 


H 


H 


(±)-trans 








methyl)phenyl 










144 


B.13 


c.b. 


phenyl 


H 


H 


H 
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145 


B.13 


cb 




H 


TT 

H 


TT 

H 


(±)-rrans 


146 


B.13 


cb 




TT 

rl 


TT 

H 


XX 


(±)-ir<ms 


147 


B.13 


cb. 


2-quinoxalinyl 


H 


H 


H 


(±)-trans 


148 


B.13 


-O- 


benzyl 


H 


H 


H 


(±)-tran$ 


149 


B 17 




j"ineinyi- 


H 


H 


H 


(+)-trans 








benzofuran-2-yl 










150 


B.17 


cb. 


5-fluoro-indol-2-yl 


H 


H 


H 


(j£)-tr&n$ 




ft 17 


CD. 


5-indolyj 


H 


H 


H 


(±)-trans 




B.17 


cb. 


5-meUiyl-pyrazin-2- 
yl 


H 


H 


H 


(±)-r/ - o?w 




B.13 


CD. 


phenyl 


H 


H 


H 


(±)-trans 


i fit 
154 


B.13 


cb. 


5-methyl-isoxazol-3- 


H 


H 


H 


(±)-tran$ 


155 


B.13 


cb. 


y» 

2,4,6, 


H 


H 


H 


(±)-cfc 








trfmethylphenyl 










1 Ztl 

15o 


B.13 


cb. 


3,4,5- 


H 


H 


H 


(±)-cfc 








trimethoxyphenyl 










157 


B.13 


cb. 


3-cyanophenyl 


H 


H 


H 




1 CO 

158 


to o 

B.13 


cb. 


— 1 \_C-OCH 3 


H 


H 

■ 


H 




15SJ 


B.13 


cb. 


3,5-difluorophenyl 


H 


H 


H 




loU 


to. 1 0 

JB.13 


_ ■ 

CO. 


2,6-<bchloro-pyridin~ 


H 


H 


H 










4-yl 










161 


B.13 


cb. 


2-napbtyl 


H 


H 


H 




162 


B.13 


cb. 


2-quinolinyl 


H 


H 


H 




163 


- XJ«Ji J 


v.D. 


j-isopropoxybeTi^yi 


H 


H 


H 




164 


B.13 


cb. 


l-ohenvlethvl 


XX 
XL 


XI 


TT 
Jtl 


\±) m Ct& 


165 


B.13 


cb. 


3-isopropoxyphenyJ 


H 


H 


H 


(±ytrans 


166 


B.13 


cb. 


3-cyanopbeny] 


H 


H 


H 




167 


B.13 


cb. 




H 


H 


H 


t]±)-trans 


168 


B.13 


cb. 


2,4-dichlorophenyl 


H 


H 


H 




169 


B.13 


cb. 


2-thienyl 


H 


H 


H 


(±ytrans \ 



& cb. « covalent bond 
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4 



C«2 

R 2 — X— C— /"~*^ ^N— L 



Co.No. 


Ex. 


Ra 


X 


R2 


L 


Physical data 


170 


B.l 


CF 3 


c.b. 


3.5-4i(trifluorometbyl)phenyl 


H 


(±HA) 


m 
i f i 


n i 


CFi 


C,D. 


3,5-ch(trmuoromethyl)phenyl 


H 


(±HB)fumaric 
acid (1:4) 


112 


n 1 q 


XT 

rl 


c.b. 


3-trifluororoethyl-phenyl 


benzyl 


(±>cfr 


til 


n ii 

o.-lJ 


XT 


c.p. 


3,5-difluoro-phenyl 


benzyl 


(±hcis 


1*7 A 


13. U 


YV 

XI 


CD, 


2-naphtyl 


benzyl 




175 


B.13 


H 


c.b. 


3-cyano-phetivl 


bsnzvl 

UwJUty I 




176 


B.13 


H 


-O- 


benzyl 


benzyl 


<±)-cw 


177 


B.13 


H 


c.b. 


2-fbianyl 


benzyl 


(±)-cis 


178 


B.13 


H 


c.b. 


2-thienyl 


benzyl 


(±)-cra 


179 


B.13 


H 


c.b. 


phenyl 


benzyl 


(±)-c& 


180 


B.13 


H 


c,b. 


3,5-dichloTO-pbenyl 


benzyl 


(±)-cw 


181 


B.17 


H 


c.b. 


3»4-dichlorophenyl 


benzyl 


(±>cfr 


182 


B.13 


H 


cJb. 


o 


benzyl 


(±>*fa 


183 


B.13 


H 


c,b. 


phenyl 


benzyl 


(±)-frans 


184 


B.13 


H 


cb. 


2 f 6-dichloio-pyriditi-4-yI 


benzyl 


(±)-trans 


18S 


B.13 


H 


c.b. 


2~ftiranyl 


benzyl 


(±)-tran$ 


186 


B.13 


H 


c.b. 


2-thietiyl 


benzyl 


(±ytrans 


187 


B.13 


H 


c.b. 


3-cyano-phenyl 


benzyl 




188 


B.13 


H 


c.b. 




benzyl 


(±)-trans 


189 


B.13 


H 


c.b. 


o- 


benzyl 


(±ytrans 


190 


B.13 


H 


c,b. 


5-Tmethy1-isoxazol-3-yl 


benzyl 


(±)-tran$ 


191 


B.13 


H 


c.b. 


2-nitrophenyl 


benzyl 


(±)-ci$ 


192 


B.16 


H 


c.b. 


2-aminophenyI 


benzyl 


(±)-cis fumaric 
acid (1:2) 



& cb. = covalent bond 
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C Pharmacological examples 
CJL N K j-antagonisTn 

The NK^-antagonistic activity of the compounds in the Tables 1 to 4 has been disclosed 
in WO 97/16440-A1 which is disclosed herein by reference, 

5 

C.2. Respiratory depression 

In order to evaluate the effects of combinations of opioids with NKi antagonists on 
respiratory depression, experiments were performed in gerbils, guinea pigs and rats, 
measuring arterial blood gases, and especially opioid-induced Pcoa increases over lime 
10 after drug treatment using a blood gas analyzer (ABL Radiometer Copenhagen). 

t Tests were performed with Compound 95 {i^y^ytnmsA^L^^ 

bie(trifluoroniethyl)benzoy^ 
1-piperazine acetamlde, (L>malic acid (1:1)). 

On the day of testing, male gerbils were equipped with a catheter in the arteria 
IS femoralis* After full recovery from surgery and habituation to the test conditions, pro- 
drug baselines were taken. Only animals with Poo 2 blood levels < 30 mmHg were 
included for drug testing. Drugs were injected s.c. and samples were taken at repeated 
intervals after treatment 

Opioids resulted in an increase in P C oz values over time. With Compound 95, up to 10 
20 mgfcg s.c, no effects were observed. Adding 10 mg/kg s.c. Compound 95 to the 

highest doses of fentanyl (0.63 mg/kg s.c.) and morphine (10 mgftg s.c.) f resulted in 
significant decreases in the opioid-induced Pco2 levels 

I These data indicate that Compound 95 can reduce part of the respiratory depression 

induced by opioids. Furthermore, a role of SP in the respiratory system is suggested 
25 (Guyenet and Wang, 2001; Mazzone and Geraghty, 2000; Natde and Li, 2002, 

Lagemrantz et al, 1991. Shvarev et aL 2002). If the effects of Compound 95 reflect hem 
an antagonism of the opioid-induced excitation, this can be beneficial because opioid- 
induced excitation is sometimes seen at overdosing. 

In both guinea pigs and rats, opioids do not result in excitation and therefore the effects 
30 of Compound 95 on the opioid-induced P C oa levels should be more directly related to 
effects in the respiratory system. 



Guinea pigs were chronically catheterized with an intra-arterial line into the arteria 
carotis. In order to keep the lines patent, the animals were connected to chronic infusion 
pumps in their home cages and minimal amounts of heparine in saline were 
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administered daily. After full recovery of the animals and habituation to the chronic 
bousing conditions, the animals were disconnected from the pumps and after s.c. drug 
treatment, samples were taken in their home cages at repeated time intervals. 

Both fentanyl and morphine resulted in an increase in Pa»- With fentanyl, higher 
5 increases in Pc02 were generally measured. Compound 95, tested at doses ranging from 
0.16 to 10 mg/kg s.Cm did not affect Pcoz values. Adding Compound 95 to both fentanyl 
and moiphine resulted in reductions in the opioid-induced Pco2 levels . The effects 
were more pronounced with fentanyl, probably due to the high doses tested. 

Rats were acutely equipped with a catheter in die arteria femoralis. After full recovery 
10 from surgery and habituation to the test conditions, prodrug baseline values were taken. 
Only animals with Pcoz blood levels < 35 mm Hg were included. Drugs were injected 
s.c. and samples were taken at repeated intervals after treatment. 

As in the other species, the opioids fentanyl and morphine both resulted in increased 
levels of Pco2 at the highest doses tested. Compound 95 at 40 mg/kg s.c. did not affect 
15 the Pco2 levels. Adding 40 mg/kg s.c. Compound 95 to the opioids resulted in some 
attenuation of the opioid-induced increases in P C o2, especially at the highest doses 
tested. Further analysis indicated that Compound 95 especially reduced the number of 
animals reaching high (>50 mm Hg) levels of Pcrc 

Thus, the data in rats confirm the observations in guinea pigs and gerbils thai the NKi 
20 antagonist Compound 95 can reduce the opioid-induced increases in Pco2> pointing to 
some functional role of NKi antagonists on the opioid-induced respiratory depression. 
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CLAIMS 

X. A pharmaceutical composition comprising a pharmaceutically acceptable carrier 
and, as active ingredients, an opioid analgesic and a therapeutically effective 
amount of a compound according to Formula (I) 

R 1 



Q AmL , v 

>-N ■ V-N W (1) 

-X ^ (CH2) n \— (CHa) p 



the pharmaceutically acceptable acid or base addition salts thereof, the 
10 stereochemical^ isomeric forms thereof, the iV-oxide form thereof and the 

prodrugs thereof, wherein 
n is 0,1 or 2; 

m is 1 or 2, provided that if m is 2, then n is 1; 
p- " is 1 or2; 
15 =Q is=OorsNR 3 ; 

X is a covalent bond or a bivalent radical of formula -O-, -S-, -NR 3 -; 
R l is Ar 1 , Ar^i^alkyl or di(Ar»)Ci-($alkyl, wherein each Ci.dalkyl group is 
optionally substituted with hydroxy, CMalkyloxy, oxo or a ketalized oxo 
substituent of formola -O-CH2-CH2-O- or-0-CH2-CH2-CH2-0-; 
20 R2 is Ar* Ar2Ci.6alkyl, Het» or HetlCi^alJcyl; 

R 3 is hydrogen or Cj^alkyl; 

L is hydrogen; Ar 3 ; Ci^alkyl; Chalky! substituted with 1 or 2 substituems 
selected from hydroxy, C ^alkyloxy. Ar 3 , Ar 3 Ci.6alkyloxy and Het 2 ; 
C^alkenyl; A^C^salkenyl; dl(Ar 3 )C3. 6 alkenyl or a radical of fonnula 

25 
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0 

— (CHR 4 ) q -NR 3 -C-R 6 (a _ 1); 
0 

— (CHR 4 ),— C-Y'-R 7 (a_ 2 ); 
R 8 

— (CHR^-C-Y'^JL^J (a-3); 
R 8 

-if*— jlf^f 

i 

o 

O 

wherein 

each q independently is 2, 3 or 4; 

S each r is 0, 1, 2, 3 or 4; 

each Y 1 independently is a covalent bond, -O- or NR 3 ; 

Y 2 is a covalent bond, Cj^alkanediyt or -C^alkylNR 3 -; 

each -A=B- independently is a bivalent radical of formula -CH=CH-, - 
N=CH-or-CH=N-; 

j 10 eachR 4 independently is hydrogen, Ci_6alkyl, Ar 2 or Ar^i-fialkyl; 

R 5 is hydrogen, Ci-ealkyl or At 3 ; 

R 6 is Ci.<salkyl, Ar 3 , A^C^aHty!, di(Ar3)Ci^alkyl, 

Ar3C3.7cycloalkyl, orindolyl; 
R 7 is At 3 ; AflCwMyU di(Ar 3 )Ci^alkyl; Ci. 6 alkyl; 

15 C3.7cycloalkyl; C 3 . 7 cycloalkyl substituted with Ar 3 ; oxazoJyl; 

oxazolyl substituted with halo or C^ky!; thiazolyl; thiazolyl 
substituted with halo or Ci^alkyl; imidazolyl; inridazolyl 
substituted with Ar 3 Ci-6alkyl, A^Ci^alkyl or halo; indolinyl; 
indolinyl subsritutedwith Ci^aBcyl; 2,3»4-trihydroquinolinyl; 
20 pyrrolidinyl or furanyl; 

each R 8 independently is hydrogen, Chalky!, C3. 7 cycloaIkyI or a 

radical of formula of formula 
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-Alk-R" (b-I)or 
-Alk-Z-R^ (b-2); 

wherein 

Alk isCi^alkanediyl; 
5 Z is a bivalent radical of formula -0-, -S- or -NR 3 -; 

RJ 1 is phenyl; phenyl substituted with 1 or 2 substituents selected from halo, 
Ci_6alkyl or C^alkyloxy; furanyl; furanyl substituted with 1 or 2 
substituents selected from Ci-*alkyl or hydroxyCi^lkyl; thienyl; thienyl 
substituted with 1 or 2 substituents selected from halo or Ci-galkyl; 
10 oxazolyl; oxazolyl substituted with 1 or 2 Ci-salkyl substituents; 

thiazolyl; thiazolyl substituted with 1 or 2 Ci-galkyl substituents; 
pyiidinyl or pyridinyl substituted with 1 or 2 Ci-galkyl substituents; 

R 12 is C^galkyl or Chalky] substituted with hydroxy, caiboxyl or 
Ci_6alkyloxycarbonyl; 

15 Ar 1 is phenyl; phenyl substituted with 1, 2 or 3 substituents each independently 

selected from halo, Ci^alkyl, haloC galley 1, cyano, aminocarbonyl, Ci^alkyloxy 

or haloCi^alkyloxy ; 
At 2 is naphtalenyl; phenyl; phenyl substituted with 1, 2 or 3 substituents each 

independently selected from hydroxy, halo, cyano, nitro, amino, mono- or 
20 di(Ci-4alkyl)anuno, C^alkyl, haloCi^alkyl, Ci.4alkyloxy, haloCi^alkyloxy, 

carboxyl, CMalkyloxycarbonyl, aminocaibonyl and mono- or 

di(Ci.4alkyl)aininocarbonyl; 

Ai 3 is phenyl or phenyl substituted with l f 2 or 3 substituents selected from halo, 
hydroxy, amino, nitto, aminocarbonyl. C^aNcyl, haloCi_6alkyl or Ci^alkyloxy, 
^ 25 Bet 1 is a monocyclic heterocycle selected torn pyrrolyl, pyrazolyl, imidazolyl, 

furanyl, thienyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyridinyl, 
pyrimidinyl, pyrasfayl and pyridazinyl; or a bicyclic heterocycle selected from 
quinolinyl, quinoxalinyl, indolyl, benziniidazolyl, benzoxazolyl, benzisoxazolyl, 
ben20thiazolyl, benzisothiazolyl. benzoforanyl and benzothienyl; each 
30 monocyclic and bicyclic heterocycle may optionally be substituted on a carbon 

atom by 1 or 2 substituents selected from halo, Ci^alkyl or mono-, di- or 
tri(halo)methyl; and 

Het 2 is a heterocycle selected from l,4-dihydio-5-oxo-temwoJ-l-yl, inridazo[t>2-a]- 
pyridinyl, oxazolyl or jmidazolyl; each of said heterocycles may be substituted 
35 with 1 or where possible 2 substituents selected from Cj^alkyl and Ar 3 . 



2. A phatmaceutical composition according to claim 1* characterised m that 
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L is hydrogen; Ci-^alkyl; Ci-<jaUcyl substituted with hydroxy; Ca-galkenyl; Ar 3 ; 
Ar'Ci^alkyl; diCAr^Ci-salkyl; Ar 3 C3_$alkenyl; di(Ar3)Ci-6aIkenyl; or a radical 
of formula (a-1), (a-2), (a-4) or (a-5) wherein : 

R7 is Ar3; A^Cwalkyl; di(Ar3)Ci- 6 alkyl; C^alkyl; C 3 - 7 cycloalkyl; 
5 C^cycloalkyl substituted with At 3 ; oxazolyl; oxazolyl substituted with 

halo or Ci-6alkyl; thiazolyl; thiazolyl substituted with halo or Ci-ealkyl; 
imidazolyl; imidazolyl substituted with Ar 3 , Ci-ealkyl, Ar^Ci-ealkyl or 
halo; pyrrolidinyl or foranyl; 
Ar 3 is is phenyl or phenyl substituted with 1, 2 or 3 substituents selected from 
10 halo, hydroxy, amino, amroocarbonyl, Chalky!, haloCi-$alkyl or 

Ci^alkyloxy; 

Het 1 is a monocyclic heterocycle selected from pytrolyl, pyrasolyl, imidazolyl, 
furanyl, thienyl, oxazolyl isoxazolyl, thiazolyl, isothiazolyl, pyridinyl, 
pyrimidinyl, pyrazinyl and pyridazinyl; or a bicyclic heterocycle selected 
IS from quinolinyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl, 

benzothiazolyUbenzisothiazolyl, benzofuranyl and benzothienyl; each 
monocyclic and bicyclic heterocycle may optionally be substituted on a 
carbon atom by 1 or 2 substituents selected from halo, Ci^ialkyl or mono-, 
di- or tri(halo)methyl. 

20 

3. A pharmaceutical composition according to any one of claims 1 to 2, 

characterized in that R 1 is Ar'methyl and attached to the 2-position or R r is Ar" 
and attached to the 3-position. 

25 4. A pharmaceutical composition according to any one of claims 1 to 3, 

characterized in that the R a -X-C(=Q)- moiety is 3,5*di-(trifluoromethyl) 
phenylcaxbonyL 

5. A pharmaceutical composition according to any one of claims 1 to 4, 
30 characterized in that R 1 is Ar 1 Ci^alkyl, R 2 is phenyl substituted with 2 

substituents selected from methyl and trifluorometbyl, X is a covalent bond and 
=Q is=0. 

6. A pharmaceutical composition according to any one of claims 1 to 5, 
35 characterized in that n and m are 1 and p is 1 or 2. 

7. A pharmaceutical composition according to any one of claims 1 to 6, 
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characterized in that Rl is phenylmethyl; R2 is phenyl substituted with 2 
substituents selected from methyl or trifluoromethyl; n, m and p are 1; X is a 
covalent bond; and =Q is =0. 



XO 



8. A pharmaceutical composition according to any one of claims 1 to 7, 

characterized in that Lis a radical of formula (a-2) wherein R 4 is hydrogen or 
phenyl; r is 0 or 1; Y* is a covalent bond, -O- or -NH-; R 7 is pyrrolidinyl; furanyl; 
1-phenylcyclohexanyl; diphenylmethyl; or phenyl substituted with 1, 2 or 3 
substituents each independently selected from methyl, methoxy or chloro 



| 9. A pharmaceutical composition according to any one of claims 1 to 8, 

characterized in that the pharmaceutical composition comprises a compound 
selected from the group of : 
4-[l-P.5-l^(trffluoromethyl)b^ 
15 dimethylphenylH-piperazine acetamide; . 

4-U-[33-bis(triflucnrametnyl)ben^ 
phenylcyclohexylH-piperazine acetamide; 
l-t3,5-bis(trifluoromethyl)benzoyl]-2-(phenylmethyl)i4-[4-[aT(l- 
pyirolidinylcarbc^yl)benzyl]-l-piperazinyl]piperidine; 
20 H3,5^is(trifluoromethyl)benzoyl)^[^ 
benzimidazol-2-yl]-l-piperazinyl]-^^ 
4-[l-[3,5-Ms(trifluoromeaiyl)ben^ 

piperidinyl]-ivH2,6-dime%lphenyl)-l-piperazine acetamide; and 
4-[l-[33-bis(trifluoromeihyl)benzoyl]-2-t(3,4^cWorophenyl)methyIH- 
) 25 piperidinyl]-iV-(2,6-dimethylpbenyl)-l-piperazine acetamide. 



10. A pharmaceutical composition according to any one of claims 1 to 8, 

characterized in that the pharmaceutical composition comprises a compound 
selected from the group of : 
30 (+MB)-rrtfw^4-[l-[33-b^^ 

piperidtoyl]-W-(2,6-dimethylphenyl)-l-piperassine acetamide; 
(-MB)-cfc^tl-[3,5-ms<tofluo^ 

piperidinyl^<2,6Hlimethylphenyl)-l-piperazine acetamide; and 
(+>(B)-rr^^[l -[3,5-bis(tr^^ 
35 piperidinyl>AK2,6-dimethylpte (L)-malicacid 

(1:1). 
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11. A pharmaceutical product comprising a compound according to Formula (I) and 
an opioid as a combined preparation for simultaneous, separate or sequential use. 

12. A pharmaceutical composition or product according to any of claims 1 to 1 i 4 
characterised in that the opioid analgesic is selected from the group of alfentanii. 
buprenorphine, butorphanol, codeine, diacetyJmorphine, dihydrocadeine, 
fentanyl* hydrocodone, hydtomorphone, ievorphanol, meperidine, methadone, 
morphine, nalbuphine, oxycodone, oxymorphone, pentazocine, propoxyphene 
and sufentanyl; or a pharmaceutical acceptable salt thereof. 

13. A pharmaceutical composition or product according to claim 12 characterized in 
that the opioid analgesic is selected from the group of fentanyl and morphine. 

14. A pharmaceutical composition or product according to any of claims 1 to 13, 
15 characterized in that it is in a form suitable to be orally administered. 

15. The use of a pharmaceutical composition or product according to any one of 
claims 1-13 for the manufacture of a medicament for the prevention and/or 
treatment of pain and/or nociception. 

20 

16. The use of a phannaceutical composition or product according to any one of 
claims 1-13 for the manufacture of a medicament for the prevention and/or 
treatment of chronic neuropathic pain. 

25 17. The use of a pharmaceutical composition or product according to any one of 
claims 1-13 for die manufacture of a medicament for the prevention and/or 
treatment of emesis in opioid-based treatments of pain. 



30 



18. 



The use of a phannaceutical composition or product according to any one of 
claims 1-13 for the manufacture of a medicament for the prevention and/or 
treatment of respiratory depression in opioid-based treatments of pain. 
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NOVEL FORMULATIONS FOR OPIOID-B ASED TREATMENTS OF PAIN 
COMPRISING 1 ~(1 ^DISUBSTTTUTED PIPERIDI^^^)-4.SlJBST^Xr^ED 

PIPERAZINE DERIVATIVES 
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15 



This invention concerns novel formulations for opioid-based treatments of pain 
and/or nociception comprising opioid analgesics and l-(l,2-disubstitutedpiperidiny1)- 
4-substituted piperazine derivatives having tachykinin antagonistic activity, in 
particular NK, antagonistic activity and the use of NK^-receptor antagonists for the 
manufacture of a medicament for the prevention and/or treatment of emesis and 
respiratory depression in opioid-based treatments of pain as well as the use of an Non- 
receptor antagonist according to the invention and an opioid analgesic for the 
manufacture of a medicament for the prevention and/or treatment of pain and/or 
nociception, in particular chronic neuropathic pain. 

The pharmaceutical formulations according to the invention comprise NKi -antagonists 
according to the general Formula (J) 



R*-X 



Q r 

>-N 



V-N N — L 

(CHa) n ^—(CHaJp 



0) 



20 



the pharmaceuticalJy acceptable acid or base addition salts thereof, the stereochemically 
isomeric forms thereof, the JV-oxide form thereof and prodrugs thereof, wherein all 
substituents are defined as in Claim 1. 



The pharmaceutical composition according to the invention reduces to a large extent a 
25 number of unwanted side-effects associated with opioid analgesics, thereby increasing 
the total tolerability of said opioids in pain treatment. 
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